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Preface 

In  the  past  this  Station  has  published  reports  ofj  among 
other  things,  the  progress  of  its  Trork  on  the  relationship 
between  sea  conditions  and  skipjack  fishing  grounds  in  the 
Northeastern  Sea  Areao  The   plan  in  the  present  case  is  to 
select  from  these  reports  only  the  material  of  a  basic  charac- 
ter andg   adding  to  it  data  abstracted  from  the  reports  of  the 
National  Fishei'ies  Experiment  Stations,  to  present  it  as  a 
summary  for  the  use  of  the  fishermen  of  this  prefecture.  It 
is  hoped  that  this  paper  may  be  of  some  use  to  persons  actually 
engaged  in  the  skipjack  fishery o 

Ihis  opportunity  is  also  taken  to  express  the  hope  that 
all  persons  in  the  industry  iiill  ungrudgingly  proffer  the  data 
which  they  have  obtained,  not  only  in  this  fishery  alone  but  in 
all  departments  of  the  industry^  in  order  to  assist  the  Station 
in  projects  of  this  sort  and  to  work  for  the  improvement  and 
development  of  Miyagi  fisheries o 

(1)  Surface  water  temperatures  and  the  distribution 
of  skipjack-fishing  grounds  in  the  Northeastern 
Sea  Area 

According  to  studies  made  in  the  Northeastern  Sea  Area  since 
1929— 

ao  Suitable  temperatures  are  20°  =  2i|.°  Co  IK.thin  this 
range,  the  greatest  number  of  schools  appeared  at 
22°  -  23°. 

bo  As  the  areas  of  suitable  water  temperatures  shifty 
the  skipjack  fishing  grounds  within  them  shift o  CSee 
the  chart  of  the  movements  of  the  center  of  gravity 
of  the  fishing  grounds) o 
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CHART  OF  SHIFTS    IN  THE  CENTER  OF  THE  SKIPJACK  GROUNDS 

ARABIC  NUMERALS  INDICATE    MONTHS 

I ,  n  ,  m  INDICATE   FIRST,  SECOND,  AND  THIRD  10  DAYS  OF  EACH  MONTH. 


150°  152° 


CHART  OF  SHIFTS  OF  THE  CENTER  OF  THE  SKIPJACK  GROUNDS  IN  1937 

ARABIC  NUMERALS  REPRESENT  MONTHS 

I,  n  ,  AND  III  REPRESENT  THE  FIRST,  SECOND,  AND  THIRD  10  DAYS  OF  EACH  MONTH. 


These  facts  which  have  come  to  be  known  can  be  shown  in 
mora  detail  as  follows? 

Surface  Water  Ten?)eratures  on  Skipjack  Grounds 


June 

July 

1-9 

10-19 

20-30 

1-9 

10-19 

20-30 

Ten?)erature  range 
rrithin  which  fish 
were  caught 

l8°-23° 

19°-2U° 

19°-23° 

19°»26° 

20° -2 6° 

20°-26° 

Range  of  suitable 
temperatures 

200-22° 

20°-22° 

21°-23° 

220=23° 

22°-23° 

22°-23° 

[iiost  favorable 
ffater  temperature 

21° 
1 . 

21° 

22° 

22° 

22° 

22° 

August 

September 

1-9 

10-19 

20-30 

1-9 

10-19 

20-30 

Temperature  range 
(Tithin  which  fish 
ifere  caught 

20°=26° 

20°-26° 

190_26° 

l8°-26° 

l8°-25° 

18°-=2U° 

'^ange  of  suitable 
temperatui'es 

22°»23° 

22°-2U° 

22°~2U° 

22°"23° 

22°-23° 

21°-22° 

Most  favorable 
prater  temperature 

22° 

23° 

23° 

22° 

22° 

22° 

October 

1-9 

10-19 

20-30 

Tenperature  range 
rtxthin  which  fish 
irere  caught 

18°"23° 

18°-21° 

18°=21° 

Range  of  suitable 
temperatures 

20°~21° 

18°-21° 

18°-21° 

Most  favorable 
water  temperature 

21° 

20° 

20° 



. _ ■ r 

As  the  foregoing  table  shows g 

Eo  The  range  of  water  temperatures  within  which 
fish  were  taken  was  18°  --  26^0 

bo  The  most  favorable  water  temperature  changes  with 
the  season  (during  the  fishing  season  of  June  - 
November)  from  a  lower  to  a  higher  and  then  back  again 
to  a  lower  temperature o 

Iherefore  in  the  choice  of  fishing  grounds  it  is  essential 
to  take  the  20°  isotherm  as  the  center  off  the  Boso  Peninsula 
(Chiba  Prefecture)  u^  to  May  =■  June^  and  the  22°  isotherm  off 
Tokiwa  and  Sanriku  (northeastern  Japan)  from  July  to  September, 
or  in  other  words  to  seek  the  most  favorable  temperature  for 
the  season^,  as  given  in  the  preceding  tableo  Ihis  should  be 
clearly  apparent  from  the  fact  that  over  kO   percent  of  the  total 
catch  was  taken  from  fishing  grounds  with  these  temperatures o 
(In  the  middle  of  summer  there  are  also  sometimes  fishing 
grounds  on  which  2ii°  is  the  most  favorable  temperature o  These 
will  be  discussed  latero)  Of  couxsej,  in  making  this  choice  it 
should  be  within  awann-current  area  where  the  water  color  is 
2  ■=  3,  the  transparency  about  20  meters,  and  the  specific 
gravity  about  1,025°  Particular  attention  should  always  be 
paid  to  the  pattern  of  the  northward  movement  of  the  20° 
isothermo 


(2)  Lines  of  disdontinuity  and  the  distribution  of 
skipjack  fishing  grounds  within  the  areas  of 
favorable  water  temperatures  in  the  Northeastern 
Sea  Area 

Even  in  such  areas  of  favorable  water  temperatiiresj  the 
actual  distribution  of  the  skipjack  fishing  grounds  is  by  no 
mears  uniform,  and  there  is  a  tendency  for  them  to  be  concen- 
trated unevenly  here  and  there.  Furthermore j  there  are  great 
differences  in  the  density  of  the  schools  even  though  the  water 
temperatiores  may  be  the  sameo  Tflfhat  sort  of  oceanographic 
factors  may  give  rise  to  this  phenomenon?  It  is  believed  that 
in  this  connection  the  following  factors  cannot  be  overlooked? 

ao  As  stated  earlier,  the  main  fishing  grounds  are  always 
distributed  within  the  area  of  favorable  water  tempera- 
tures having  surface  water  of  20°  =  2ii°,  with  their 
center  at  the  22°  isotherm^,  but  in  view  of  the  fact 
that  the  schools  of  fish  assemble  where  there  are  many 
irregularities  in  the  isotherms  and  where  the  isotherms 


are  close  togetherj  or  in  other  words  at  marked 
current  boundaries  (lines  of'  discontinuity) j  it 
may  be  thought  that  these  current  boundaries  are 
the  greatest  factor  in  causing  the  unequal  concen- 
tration of  the  schools o  Especially  in  the  case  of 
the  main  fishing  grounds  of  midsummer,  there  is  a 
tendency  for  them  to  be  located  in  the  area  of  the 
most  conspicuous  boundaries  between  the  cold  current 
system  and  the  northern-most  extension  of  Uie  22° 
isotherm  (where  the  cold  and  warm  current  systems 
approach  each  other  and  the  gradient  of  the  water 
temperature  is  the  steepest) j  within  which  area  they 
tend  to  appear  at  the  tips  of  the  warm  water  masses 
or  on  their  west  sides  (the  east  sides  of  the  cold 
water  masses) o  (See  the  map  of  the  distribution  of 
the  main  skipjack  fishing  grounds  and  the  surface 
water  tempera tureso) 

Notes  Ihis'  corresponds  with  the  rule  concerning  ttie 
fishing  situation  insisted  upon  by  the  late  MTo  Kitaharap 
"The  schools  of  fish  are  numerous  along  the  line  where  two 
currents  impinge  on  each  other o" 

Sometimes  in  August  a  second  major  fishing  ground},  distinct 
from  those  described  above,  is  found  in  an  area  of  high  tempera- 
tures and  conspicuous  current  boundaries  centering  on  the  2U° 
surface  isotherm,  and  in  such'  years  the  catch  is  heavyo 

bo  Next  we  can  cite  the  factor  of  a  rich  and  plentiful 
supply  of  plankton  along  these  current  boundaries 
accompanied  by  a  concentration  of  skipjack  in  search 
of  foodo  Howevers  it  is  believed  that  the  main  factor 
causing  the  concentration  of  schools  at  the  current 
boundaries  must  be  chance  gatherings  of  schools  which 
cannot  escape  from  the  areas  in  which  they  find  them- 
selves befcause  of  vortical  movements  where  warm  water 
penetrates  the  cold  watero  Ihus  it  can  be  inferred 
that  the  more  marked  the  impact  of  the  currents  along 
the  boundary^  the  denser  will  be  the  concentration  of 
the  schools o  (See  the  cross  section  of  water  tempera- 
tures off  Kinkazan  and  the  chart  of  the  positions  of 
the  skipjack  fishing  groundso) 

Notes   (a)  The  "current  boundaries"  mentioned  here  are 
the  boundaries  where  different  water  systems  (such  as  the  waters 
of  the  two  great  systems  of  the  Kuroshio  and  the  Oyashio)  meet 
and  mingle  (zones  of  convergence) o 
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J?": J-   SKIPJACK   GROUNDS      ®  AREA  OF  GREATEST 

TEMPERATURE   GRADIENT 


MAIN  SKIPJACK  GROUNDS  AND  SURFACE  WATER  TEMPERATURE,  AUGUST  1935 


(b)  Th9  nost  clearly  marked  current  boundaries 
can  be  seen  in  the  areas  where  the  zone  of  20°  »  21°  water 
representing  the  front  of  the  warm  current  and  the  zone  of 
1$^  -  16°  water  representing  the  front  of  the  cold  current 
approach  each  other  most  closely,. 

(c)  The  fishermen  already  kn.ow  from  experience 
that  the  best  fishing  grc-jnds  are  found  along  these  current 
boundaries  where  the  water  temperature.,  salinity j,  water  color $, 
and  transparency  differ o 


(3)  l^es  and  density  of  skipjack  schools  and  their 
biting  qualities  in  the  Northeastern  Sea  Area 

ao  In  this  area  schools  accompanying  sharks  and  unasso- 
ciated  schools  occupy  the  most  important  place,  both 
in  terms  of  the  number  of  occurrences  of  schools  and 
in  the  total  number  of  fish  takeno  Schools  associated 
with  birds,  with  whales,  and  with  floating  logs  follow 
in  that  order  of  importance., 

Notes  In  the  Zunan  Sea  Area  schools  associated  with  birds 
and  schools  sedentary  along  shore  or  on  shoals  are  the  most 
important,  followed  by  unassociated  schools «  The   remainder  are 
a  few  schools  associated  with  driftwood  and  with  sharkso  In 
the  Satsunan  Sea  Area  schools  associated  with  birds  arp  most 
numerous  followed  by  sedentary  schools  and  schools  associated 
with  driftwoodo  A  small  number  of  other  schools  are  associated 
with  sharks o 

bo  Ihe  catch  from  individual  schools  is  greatest  in  the 
case  of  schools  associated  with  sharks,  followed  by 
those  associated  w1.th  driftwood  and  with  whales.  The 
remainder  are  unassociated  schools  and  schools  asso- 
ciated with  birds s  in  that  order, 

Noteo-In  the  Zman  Sea  Area  bird^^ssociated,  sedentary, 
and  uLssociated  schools  supply  the  ^^^^  °f,^^/^^^^^;  J^  '^^ 
Satsunan  Sea  Area,  likewise,  bird^ssociated  and  sedentary 
^hoo?s  Je  most  important  followed  by  schools  accompanying 
driftwoodo 

r^      l5xceDt  for  schools  associated  with  birds,  with  all 

S  ty^es  of  schools  there  are  generally  more  appear- 
^ces  ofdense  schools  than  of  sparse  ones,  and  their 
Tensity  is  higher  than  that  of  schools  in  other  sea 
areas o 
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Notes  la  both  tlie  Zun3,r.i.  and  Satsunan  S'-;a  areas  the  number 
of  occurrences  of  sparse  ocb.-.:us  'exceeds .Uiat  cf  dense  schools. 

Note?   (a)  This  sort  of  dictribution  results  froai  the 
fact  that  the  distribution  cf  th.e  objects  ttI  th  which  the  schools 
are  associated  varies  depeadirg  en  the  ares,  and  cceanographis 
conditions.  It  must  be  that  as  the  skipjack  schools  move  into 
various  sea  areas  they  es^ociate  thsiiselve?  successively  Kith 
different  objectse 

(b)  It  is  thought  that  the  particular  abundai'ioe  cf 
dense  schools  in  the  Northeastern  Sea  Area  is  due  to  the  presence 
of  current  bo-,mdarie3  where  the  -vrater  cf  the  cold  current  system 
tries  to  bloci*.  the  extension  cf  the  waters  of  tiis  warm  c'jrrent 
systenio 

(c)  Howeverp  ths  gj-^eatsr  number  of  dense  schools 
and  the  grear^er  number  of  fish  taksn  in  this  sea  area  in  mid- 
summer in  comparison  -JriLth  other  sea  areas  is  general  throughout 
the  areao 

d«  The  next  chai-acteristic  of  this  sea  area  to  be  taken 
up  is  the  fact  t25.at  the  skip.iack  schools  uite  fax' 
better  than  they  do  in  the  Zunan  and  Ogasawara  sea 
areas.  It  is  a  generally  teorrn  fact  that  ths  schools 
bite  poorly  in  sea  areas  where  there  is  too  much 
natural  focdo  Where  plankton  c-onsisting  of  diatoms 
and  noctiluca  is  toe  abundantj,  the  schools  bite  poorly^ 
but  in  areas  whare  the  diatoms  are  comparatively  scarce 
and  ths  plankton  consists  c>iiefly  cf  flagellates  and 
radiclarians  the  fish  sometimes  bite  well. 

X  X  X  x  X 

(k)     Sources  cf  the  s  kipjack  schools  of  ths  Northeastern 
Sea  Areo. 

a.  Among  the  schoclc  from  which  skipjack  are  t£.ken  by  the 
hook  and  line  fishery  in  ths  Northeastern  Sea  Ar^ea 
fish  cf  li5  -  >5  cm  body  length  are  extremely  n'onerous 
and  as  far  as  age  is  concerned  fish  in  their  fourth 
year  are  abundant.  Tnere  are  two  different  groups^ 
migratory  schools  of  fat  fj.3h  (ccnditicn  factor  over 
20)  and  sedentary  schools  of  lean  fish  (ccnditicn 
factor  under  20). 

Notes?   (a)  The  t/erm  "sedentary  schocls"  (island-bound 
skipjack)  is  applied  to  those  fish  whose  way. of  life  is  closely 
bo^md  to  small  islands  and  shoals.  The  sedentary  schools  are 
caught  in  ths  greatest  numbers  as  thsy  move  along  ths  Ogasawara 
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and  Izu  chains  on  the  way  to  the  Northeastern  Sea  Area, 
where  they  are  also  fishedo 

(b)  The  migratory  schools  are  fished  not  only 
in  the  Ogasawara  and  Izu  areas  but  also  in  the  seas  to  the 
southwest  of  those  islands o  Their  distribution  is  broad  and 
unselectiveo 

bo  There  are  thus  two  groups  of  schools  of  different 
origins  coming  into  the  Northeast  Sea  Area,  and  con- 
sequently it  would  appear  that  variations  in  the 
catch  in  this  area  are  closely  linked  with  the  numbers 
of  fish  of  these  groups  which  migrate  into  the  areao 
Andj  considering  the  points  (1)  that  the  migratory 
schools  provide  80  percent  of  the  to^al  skipjack 
catch  of  the  Northeastern  Sea  Area  and  (2)  that  medium 
sized  skipjack  (h   to  8  pounds)  make  up  70  to  80  percent  of 
both  the  total  number  of  fish  taken  and  the  number 
of  appearances  of  schools,  it  is  thought  that  most 
of  the  skipjack  schools  in  the  area  are  medium-sized 
migratory  schools  and  that  the  numbers  in  which  they 
migrate  into  the  area  have  a  great  effect  on  the 
catcho 

Notess   (a)  Fish  under  26  cm  body  length  are  first-year 
fisho  Those  26  -  3ii  cm  are  second-year  fisho  Those  3h  -  h3 
are  third-year  fisho  Ihose  k3   =  $h   are  fourth  year  fisho  Fish 
longer  than  ^k   cm  are  in  their  fifth  year  or  older o 

(b)  Considering  the  catch  in  the  Northeastern  Sea 
Area  from  the  point  of  view  of  the  sizes  of  fish  taken,  the 
order  of  importance  is  medium,  large,  and  smalls,  but  in  the 
Zunan  and  Satsunan  Sea  Areas  the  order  is  small,  medium,  and 
large o  In  general ^  small  skipjack  are  few  in  the  north  and 
numerous  in  the  south » 

(c)  In  the  Northeastern  Sea  Area  the  catch  for 
1936  was  the  greatest  in  the  last  ten  years  in  number  of  fish 
taken,  but  the  fishing  situation  was  abnormal  rrith  the  main 
part  of  the  catch  consisting  of  small  fish  of  around  2o5  pounds 
(under  h   pounds) o 

/J^  n  j-i-   *  4.     weight  (gr)  x  1000 

(d)  Condition  factor  ^     ,   Sn^^  )&-^  i^ — _ 

length  ^cmj  ^ 
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(5)  Autumn  low  pressure  areas  and  sea  conditions  and  the 
skipjack  fishing  grounds  of  the  Northeastern  Sea  Area 

Wlien  the  autumn  winds  begin  to  blow  and  the  season  of  the 
"descending"  skipjack  starts^  the  speed  with  which  the  center 
of  gravity  of  the  fishing  grounds  shifts  to  the  southward  is 
rapid  directly  after  the  passage  of  a  low^  but  otherwise  it 
shifts  slowly c  Every  time  an  autumn  low  passes  over  this  sea 
area  the  upper  and  lower  layers  of  water  are  either  mixed 
together  by  the  stirring  action  of  the  windj  or  countercur rents 
are  caused  by  aar  cooling;,  or  cold  water  from  the  lower  levels 
is  brought  up  by  gyrals  =~  at  any  rate,  this  mixing  action 
results  in  a  sudden  decrease  in  the  temperature  di.fferential 
of  the  upper  and  lower  layers o  In  this  way  the  water  tempera- 
ture of  the  fishing  grounds  is  made  tc  drop  abruptly  in  steps 
of  1°  -  2°j  and  with  this  change  the  area  of  the  fishing 
grounds  shrinks  and  the  fishing  season  draws  to  a  close o  The 
year  1932  provided  the  most  severe  example  of  the  coming  of 
these  autumn  lows  shortening  the  fishing  season  and  cutting 
down  the  total  catch,,  This  southward  retreat  of  the  favorable 
water  temperatures  and  the  corresponding  development  of  the 
cold  currents  (flowing  southwest)  bring  the  southward  movement 
of  the  saury o 


(6)  Data  for  the  prediction  of  the  abundance  or  scarcity 
of  skipjack  in  the  Northeastern  Sea  Ai"ea 

a«     There  is  a  tendency  for  the  catch  rates  in  the  North- 
eastern Sea  Area  to  be  poor  in  years  when  the  winter 
and  spring  temperatures  are  low  and  good  in  years 
when  temperatures  are  higho 

Note;  In  the  Zunan  and  Satsunan  sea  areas  catch  rates 
tend  to  be  good  in  years  with  low  winter  and  spring  tempera- 
tures, and  poor  in  years  with  liigh  temperatures o 

bo  The   trend  of  ihe   catch  in  the  Northeastern  Sea  Area 
does  not  necessarily  coincide  with  the  rise  and 
decline  of  the  catch  in  the  Satsunan  and  Zunan  feea 
areas  0 

Notes  The   yearly  variations  in  the  catches  of  the  Satsunan 
and  tlie  Zunan  areas  resemble  each  other o 

Co  In  the  Northeastern  Sea  Area  the  abundance  or  scarcity 
for  the  season  can  to  a  certain  extent  be  estimated 
from  the  amount  of  fish  taken  up  to  the  end  of  June, 
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and  an  even  better  evaluation  can  be  made  from  the 
amount  taken  through  July  (20  to  5'0  percent  of  the 
year " s  catch) o 

do  In  the  Northeastern  Sea  Area^  in  years  when  the  water 
temperatures  are  high  during  the  winter  and  summer  up 
until  Julys  ^^^   bulk  of  the  catch  is  taken  in  July, 
but  in  years  when  the  temperatures  are  low^,  the  main 
catch  is  made  in  August  and  Septembero  If  tempera- 
tures are  low  during  September  and  Octobers  the  fishing' 
season  ends  early,,  and  if  the  temperatures  are  high  during 
these  months.:  the  season  is  prolonged. 

eo  In  years  when  the  ten^eratures  are  low  in  the  North- 
eastern Sea  Area^  the  skipjack  schools  remain  for  long 
and  school  densely  in  the  southern  sea  areas,  but  the 
number  of  fish  that  move  into  the  northern  areas  is 
con?)aratively  small  o 

f o  The  trend  for  the  fishing  season  in  Miyagi  Prefecture 
to  reach  its  peak  later  and  to  end  earlier  in  successive 
years  is  paralleled  by  a  drop  in  the  water  temperatures 
at  Enoshima  as  averaged  by  five-year  periods o 
(Table  of  water  temperatures  and  dates  of  the  fishing 
season  in  Miyagi  Prefecture) 

Notes   (a)  In  the  Northeastern  Sea  Area  in  years  of 
abnormally  low  water  temperatures  (1931  and  193U)s  "the  main 
summer  fishing  grounds  are  located  to  the  southj  not  moving 
north  of  the  waters  off  Kinkazanj  and  they  are  far  offshore. 
In  such  years  fishing  in  the  northern  sea  areas  is  poor^  but 
in  the  southern  sea  areas  it  is  comparatively  good  because  the 
schools  remain  there  for  a  long  timeo 

(b)  In  years  of  abnormally  high  water  tenperatures 
(1933  and  1937) s  the  fishing  grounds  reached  their  farthest 
north  position  (ii2^  No  latitude),  and  the  fishing  was  better 
in  the  northern  than  in  the  southern  sea  areas o  In  such  years 
first  catches  come  early,  the  end  of  the  fishing  season  is 
delayed,  and  the  fishing  season  is  generally  prolonged,  pro- 
ducing a  large  catch  for  the  yearo 

(c)  Past  years  of  high  and  low  August "surf ace 
water  temperatures  were  as  follows g 

1930  high  (approaching  1933) 

1931  low  (approaching  19 3U) 

1932  high 

1933  abnormally  high 

193U  abnormally  low  (period  of  low  temperatures 
continuing  much  longer  than  in  1931) 

lift 
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1937  abnormally  high 

1938  high  Cp®i'i<^d  of  high  temperatures 
continuing  longer  into  the  autumn 
than  in  average  years) 

Notes  In  August  of  past  years „  the  farthest  north  limit 
of  the  warm  water  zone  of  20°  to  22  temperatures  reached  its 
farthest  north  position  in  1933  and  in  1937?  and  was  at  its 
most  southerly  position  in  193U° 
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(8)  On  the  migrations  of  the  skipjack  schools 

The  following  is  an  outline  of  the  ideas  of  Technician  Uda 
of  the  Central  Fisheries  Esperimcnt  Station  concerning  the 
migrations  of  the  skipjack  as  revealed  by  the  shifts  in  the 
month  of  greatest  catch  (see  the  following  table  )  in  the  waters 
extending  from  the  Satsunan  Sea  Area  to  the  Northeastern  Sea 
Area, 

ao  Schools  of  small  skipjack  (under  h  pounds  in  weight) 
The  main  group  starts  out  from  the  Satsunan  Sea  Area 
in  May  J,  passes  through  the  waters  off  southern  Japan, 
and  arrives  in  the  Zunan  Sea  Area  chiefly  in  June 
and  Julyo  Ihese  fish  advance  into  the  Northeastern 
Sea  Area  in  August  and  September o  There  is  in  addi= 
tion  a  second  grotp  of  small  skipjack  which  starts 
out  from  the  Zunan  Sea  Area  at  about  t  he  same  time 
that  the  other  group  originates  in  the  Satsunan  Sea 
Areao  This  latter  groi^j  .arrives  in  the  Northeastern 
Sea  Area  in  May  and  Juneo 

bo  Schools  of  medium=sised  skipjack  (weight  from  I4  to  8 
pounds ) 

Ihere  is  a  main  group  which  originates  in  the  Satsunan 
region  in  Marchj,  shifting  the  center  of  its  groiqj  of 
schools  to  the  Nankaid©  Sea  Area  in  Aprilj,  and  to  the 
Zunan  and  Northeaster-n  Sea  Areas  around  Julyo  There 
is  thought  to  be  a  vaguely  define^  second  group  of 
medium=sized  skipjack  which  originates  in  the  Zunan 
Sea  Area  in  April  and  reaches  the  Northeastern  Sea 
Area  in  Mayo  It  £5)pears  that  the  catch  of  mediura= 
sized  skipjack  in  the  Satsunan  Sea  Area  around 
September  is  due  tj  a  return  cf  part  of  this  latter 
group  to  the  southwesto 

Co  Schools  of  large  skipjack  (weight  over  8  pounds) 

These  schools  appear  centered  in  the  Satsunan  Sea  Area 
in  May^  and  thereafter  move  northy  appearing  in  the 
Zunan  Sea  Area  in  July  and  in  the  Northeastern  Sea 
Area  in  July  and  Augusto  (A  part  of  this  group  remains 
in  the  Satsunan  Sea  Areaj,  and  the  peak  catch  in  that 
area  is  also  in  Julyo)  A  second  peak  in  the  catch  in 
the  Zunan  Sea  Area  in  May  indicates  that  there  is  a 
second  source  of  large  ^pjack  in  that  sea  areao 
(Of  course  J,  there  must  be  many  small  skipjack  ihich 
become  medium  skipjack  and  medium  skipjack  which 
become  large  skipjack  by  growth  during  the  course  of 
the  migrationo  This  should  particularly  be  taken  into 
account  in  sea  areas  where  there  is  an  abundant  sipply 
of  natural  food)o 
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To  sum  up  the  foregoing j,  each  of  the  schools  which  passes 
through  the  Satsunan  and  Zunan  sea  areas  to  come  into  the  North- 
eastern  Sea  Area  belongs  to  a  group  of  schools  which  moves  from 
south  to  north  in  spring  and  ear'ly  summer j  and  returns  to  the 
south  again  in  late  summer  and  early  aufumno  Ihese  fish  are 
thought  to  belong  to  two  great  migratory  groups  yihich.  have  their 
origins  in  the  Satsunan  and  Zunan  areas  and  which  are^,  for  the 
most  part,  made  up  of  mediiom-sized  skLpjacko 

In  addition  to  these  widely  migrating  schools  there  are 
thought  to  be  others,  made  up  for  the  most  part  of  large  and 
small  skipjack,  which  remain  in  the  southern  sea  areas  as  local 
groups  of  schools,  making  small  migrations  centered  around 
islands  and  shoals o  In  other  words «  it  is  believed  that  the 
schools  which  make  long  migrations  to  the  north  and  those  which 
make  short  migrations  in  the  south  meet  in  the  vicinity  of  the 
Zunan  Sea  Area,  the  former  being  composed  chiefly  of  medium- 
sized  skipjack  while  -the  latter  is  made  up  principally  of  large 
and  small  fisho 

The  skipjack  which  migrate  into  the  Northeastern  Sea  Area 
are  chiefly  those  in  the  prime  of  maturity,  and  it  is  thought 
that  the  pursuit  of  feed  is  the  main  objective  of  their  migra- 
tion to  the  northo  (Ihis  in  view  of  the  fact  that  iiie  spawning 
grounds  and  the  nursery  grounds  for  the  juvenile  fish  are  in 
the  warm-water  areas  of  the  southo)  The  rout©  of  their  migra- 
tion, judging  from  the  movements  of  the  fishing  grounds,  bears 
a  close  relationship  to  the  extension  of  the  warm  current  and 
its  brancheso  It  is  believed  that  the  center  of  the  fishing 
grounds  moves  in  the  direction  of  the  locus  of  the  most  curved 
portion  of  the  isotherms  of  the  warm  current  systemo  Even  in 
the  case  of  "descending  skipjack"  the  path  of  the  migration 
is  probably  determined  chiefly  by  the  patterns  of  withdrawal 
of  the  branches  of  the  warm-  current  and  extension  of  the  cold 
ciirrents  to  the  southo  From  this  point  of  view  it  seems 
appropriate  to  believe  that  there  are  two  routes  for  the 
descending  skipjack^,  one  close  to  shore  and  the  other  farther 
out  to  seao  "Hiis  is  in  fact  the  casso 

It  is  believed  that  there  are  no  skipjack  which  remain 
throughout  the  year  in  the  waters  off  the  Sanriku  region = 
This  is  indicated  by  the  fact  that  the  high-temperature  water 
areas  with  temperatures  of  20°  or  higher^  where  skipjack 
fishing  grounds  occur  in  the  summer  off  ^e   Sanriku  region^ 
change  for  the  most  part  in  the  winter  to  cold-water  areas 
having  temperatures  of  less  than  ^° ^     Such  a  change  in  hydro- 
graphic  conditions  would  probably  be  difficult  for  a  warm- 
water  fish  like  the  skipjack  to  endure,  and  it  is  presumed  to 
be  iinsuit^le  for  spawning  and  the  growth  of  juvenile  fish„ 
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Fvirthermores,  this  view  is  strengthened  by  the  fact  that  in 
actuality  skipjack  schools  are  not  seen  in  this  sea  area 
during  winter j  nor  are  they  caught  there  (they  are  taken 
rarely  on  the  longlines  of  the  winter  tuna  fishery  in  the 
warm=wator  area  far  to  the  eastj,  but  are  hardly  to  be  seen 
off  3anriku)o 

(Table  of  the  month  in  which  the  peak  of  the  catch  of 
each  size  of  skipjack  occurs  ^umber  of  fish  and  number 
of  times  in  percentage^^ 

Notes  §  On  the  skipjack  which  are  taken  in  the  winter 
longline  fishery  for  tuna<,  The  skipjack  which  are  taken  in 
small  numbers  together  with  albacore  by  vessels  of  this 
prefecture  from  late  winter  to  early  springs   (a)  are  taken 
from  November  to  the  first  part  of  April  of  the  following 
yearj  being  most  commonly  taken  from  December  to  Marchj,  and 
being  particularly  nimierous  in  Marchj  (b)  fishing  grounds  are 
the  same  as  those  for  albacore  (a  report  on  albacore  will  be 
published  at  a  later  date)|  (c)  catches  are  made  at  surface 
tenperatures  of  17°  to  22°a  a  5°  spreadj  the  most  favorable 
ten^eratures  are  18°  to  19  g   the  same  as  for  albacorei  (d)  the 
fish  are  all  of  large  size^  occasionally  attaining  a  weight 
of  UO  pounds o  Such  fish  are  taken  at  this  season  on  longline 
gear  east  of  Cape  Nojima  at  depths  of  less  than  ^0  fathoms 
under  the  same  oceanographic  conditions  in  which  albacore  are 
takenj  but  such  questions  as  which  stock  these  "year-round 
skipjack"  belong  to  and  why  they  pass  the  year  in  northern 
waters  must  wait  upon  data  to  be  gathered  in  the  future o  The 
fact  is  simply  recorded  here  for  future  reference o 

This  paper  is  based  to  a  large  degree  on  the  published 
researches  of  Technician  Uda  of  the  national  fisheries  experi- 
ment stations  and  is  also  based  on  the  ideas  of  Technician 
Aikawa  of  the  same  stationo  I  take  this  opportunity  of  express- 
ing my  thanks  to  these  two  per sons o 
(Technician  Takeo  Sasaki) 
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From  the  Bulletin  of  the  Japanese  Society  of  Scientific 
Fisheries,  Volo  11^  No,  5-6^  ppo  179-l83o       March  19k3, 


On  the  Stock  of  Skipjack 

by 

Morisaburo  Tauchi 

(Fisheries  Institute) 

From  the  results  obtained  by  Uda  and  TsukushiVin  studying 
by  mcHith  and  by  area  the  composition  of  the  catch  in  terms  of 
large,  medium,  and  small  fish,  it  can  be  thought  that  the  skip- 
jack that  are  taken  in  the  waters  adjacent  to  Japan  migrate 
from  south  to  north  through  the  spring  a^id  summer  and  retreat 
southward  in  the  autumn^  that  they  consist  of  tiro  strains^,  one 
originating  in  the  Satsunan  area  and  one  in  the  Zunan  area?  and 
that  in  the  Hokkaido-Sanriku  Sea  Area  there  are  probably  only 
migrating  schools^,  with  no  permanently  resident  schoolSj,  while 
in  the  Zunan  and  Satsunan  sea  areas  there  are^,  besides  these 
north-south  migrating  schools^  sedentary  local  schools  which 
make  only  small  migrations o  Okamoto§/j  studying  the  body- 
weight  composition  of  tiie  catch  by  months  and  areas ^  inferred 
that  in  the  areas  of  the  Satsunan  and  Ogasawara  islands  the 
schools  composed  chiefly  of  young  fish  under  2o9  pounds  or  of 
mature  fish  over  i;o6  pounds  remain  as  sedentary  fish 9  and  that 
the  medium  sized  fish  of  2o9  to  keS  poundsj,  which  can  be 
regarded  as  being  of  roioghly  the  same  age  group  (fourth-year 
fish) J  are  those  that  around  May  and  June  come  from  somewhere 
and  appear  densely  congregated  off  ShikokUj,  in  the  Kimiano  Nadaj, 
and  off  Zunan,  and  then  from  July  to  October  move  into  the 
Northeastern  Sea  Areao  AikawaJ/j,  studying  the  condition  factor 
of  skipjack  schools j  found  that  in  the  RyukyS  Sea  Area  the 
schools  with  a  condition  factoi  under  20  remain  in  the  vicinity 
of  islands  and  shoals j  while  the  schools  with  a  condition  factor 


i/  Udaj  Michitaka  and  Jiro  Tsukushis  Local  Variations  in  the 
Composition  of  Skipjack  Schools,,  Bullo  Jap.,  Soc.  Sci  Fish 
3  (h),  193ko 

2/  OkamotOj  Gorozos  On  the  Weight  Composition  of  the  Skipjack 
Schools  of  the  Northeastern  Sea  Areao  Bullo  Japo  SoCo  Scio 
Fish  9   (3jj  I9UO0  (Translated  in  FWS  Special  Scientific 
Report  Fisheries  Noo  $1   -  Japanese  Skipjack  Studies) „ 

2'     Aikawa,  Hiroakis  A  Study  of  the  Skipjack  Schoolso  Bullo 
Japo  Soco  Scio  Pisho  6  (l)j  1937o 
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of  over  20  shew  no  selectivity  in  their  distributions  and  that 
in  the  Northeastern  Sea  Areap  too,,  the  schools  with  a  factor 
of  under  20  are  taken  in  the  greatest  numbers  along  the  Ogasawara 
chain  and  the  Zunan  archipelago «  although  they  are  also  taken  on 
the  Sanriku  coast o  He  foimd  further  that  in  the  schools  of  fourth- 
year  fish  having  a  condition  factor  over  20.,  the  average  body- 
length  and  tlie  average  condition  factor  in  the  two  areas  are  in 
approximate  agreements,  and  the  variations  from  year  to  year  in 
the  average  body-lengths  in  the  schools  of  fourth-year  fish  having 
a  condition  factor  of  over  20  are  in  agreement  for  the  two  areasy 
however J  in  the  case  of  those  under  20  they  are  not  in  Agreement » 
Taking  these  facts  into  considerations  he  concluded  that  in  the 
Northeastern  Sea  Area  the  schools  with  a  condition  factor  of  over 
20  are  of  the  Ryukyu  strain^,  and  those  imder  20  are  of  the  Ogasa- 
wara strain,  and  that  on  the  average  for  193Uj  1935s  and  1936  the 
Ryukyu  strain  were  80  percent  and  the  Ogasawar-a  strain  were  20 
percent  of  the  catcho  According  to  the  views  of  the  persons 
cited  abovej,  among  the  skipjack  schools  that  migrate  into  the 
Northeastern  Sea  Area^  those  from  the  Ogasawara  and  Zunan  Sea 
Areas  are  comparatively  few^  and  the  major  part  of  them  either 
come  north  from  the  Satsunan  Sea  Area,  or  else  are  fish  which 
have  moved  north  after  first  coming  from  somewhere  to  congregate 
densely  off  Shikoku,  in  the  Kumano  Nada^,  and  off  Zunano  However, 
these  points  need  to  be  gone  into  a  bit  furthero 

If  we  try  to  summarize  thq  body-weight  composition  by  fishing 
grounds s  as  studied  by  Kimura^/  from  the  skipjack  catchj  we  see 
(table  1)  that  the  composition  varies  considerably  from  one 
ground  to  anotherc  but  in  general  small  fish  are  numerous  around 
the  islands  off  Japan  proper j,  while  large  ones  are  more  numerous 
around  the  islands  to  the  south  of  Japano  Furthermore <,  mediimi= 
sized  fish  are  especially  scarce  in  the  Satsunan  area  and 
especially  plentiful  in  the  northeasts  and  it  appears  at  first 
glance  as  if  they  moved  north  from  Satsunan  to  the  North- 
eastern area,  but  if  we  compare  the  age  composition  inferred  for 
the  Satsunan  fishing  grounds  from  the  graph  of  body-length  dis= 
tribution  given  by  AikawaJ/  with  the  age  qonposition  for  the 
Northeastern  grounds  obtained  by  Okarfloto£/  (table  2)s,  one  can 
think  that  probably  a  part  of  age-group  IV  and  almost  all  of  age 
groi:^)  III  and  below  migrate  along  the  Kiuroshio  to  the  waters 
off  northeastern  Japano  It  is  hard  to   determine,  however, 
whether  "they  come  first  to  Satsunan  and  then  move  north  from 
there  to  the  northeast  through  the  waters  off  Japan  proper.,  or 
whether  only  a  part  of  them  go  to  Satsunan  while  the  main  body 
of  them  go  into  Kinan^,  moving  north  from  there  through  the 
waters  off  Japan  proper,  with  a  part  of  them  turning  south  along 
the  way  bat  with  most  of  them  continuing  on  to  the  waters  off 
northeastern  Japano 

k^     Kimxira.  Kinosukei  TheSkipjack  Fishing  Situationo  Papers 
on  the  Fishing  Situation  for  the  Important  Species  of  Japan, 
Part  lo  Lectures  en  Fisho  Techo  and  Engo,  Volo  h^   19Ulo 
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Table  2o  Age  cori5)osition  by  fishing  grounds 


Fishing  Ground 

Period 

Age« 

I 

II 

III 

IV 

V 

VI 

Satsunan 
Northeastern 

193U  -  36 
193^ 

oOOg 

.03 

olOl 

o32i, 

o?5 

'386 
,10 

ol7p 

oOOg 

*Notes  Fish  with  1,  2^  3s 


annidi  are  given  as  I^  II <,  IIIoo, 


According  to  Udal/j  the  number  of  fish  taken  on  a  single 
pole  during  one  hour  depends  on  how  well  the  fish  bite  and  on 
the  density  of  the  school^  and  these  in  turn  differ  according 
to  what  the  school  is  associated  witho  The  distribution  of  the 
things  with  which  skipjack  schools  may  be  associated  varies  by 
type  (1),  and  therefore  even  though  we  assume  that  a  school 
moves  to  the  Northeast  from  Satsunan^  its  character  as  an  object 
of  fishing  effort  will  differ  with  the  difference  in  fishing 
groundo  Furthermore,  the  catch  per  pole  per  day  of  fishing 
depends  on  the  size  of  the  schools  and  the  density  of  their 
distribution  J,  and  therefore^,  on  the  general  density  of  fishj 
as  an  index  of  the  density  of  fish  the  number  of  fish  taken 
per  pole  per  day  of  fishing,  divided  by  the  number  taken  by 
one  pole  in  one  hour^  may  be  usedo  The  total  of  fish  in  a 
sea  area  is  the  product  of  the  surface  of  the  areaj  the  density 
of  fish,  and  the  duration  of  the  fishing  seasono  If  the  total 
is  divided  by  the  average  length  of  the  period  from  the  time 
the  schools  come  into  the  area  until  they  leave  it^  that  iSj 
the  period  of  their  stay,  the  total  number  of  fish  which  migrate 
into  the  sea  area  during  one  fishing  season  can  be  obtainedo 
As  a  measure  of  the  average  duration  of  the  stay  there  should 
be  no  objection  to  taking  the  maximum  value  of  the  number  of 
days  elapsing  between  release  and  recapture  in  tagging 
experiments o 

Therefore s,  if  we  get  the  nizmber  of  fish  caught  per  pole 
per  hour  from  the  reports  of  surveys  of  skipjack  grounds  by 
research  vessel^  published  in  the  Reports  of  Oceanographic 
InvestigationsH/y  and  the  number  of  fish  caught  per  pole  per 

i/  Udaj  Michitakas  The  Shoals  of  "Katuwo"  and  Their  Angling » 
Bullo  Japo  Soco  Scio  Fisho  2  (3),   1933c  (See  po  68  ) 

^    Parts  published  in  (58)  -  (6?) 
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day  of  fishing  from  the  Reports  of  Investigations  of  the 
Jishing  Situation  by  Special  Reporting  Vessels j   and  the 
maximum  number  of  elapsed  days  irom  the  records  of  recaptures 
published  in  the  same  Reports!/ 5,  and  estimate  the  area  of  the 
fishing  grounds  by  counting  the  number  of  1°  squares  in  which 
catches  were  made  as  shown  on  the  charts  of  the  fishing  grounds 
appended  to  the  oceanographic  charts  published  by  the  Central 
Fisheries  Experiment  Station^   and  infer  the  number  of  months 
of  the  fishing  season  from  the  nvmiher  of  fish  landed  per  10-day 
period  as  given  in  Kimura''s  studys,/,   and  then  attenpt  to  compare 
by  the  method  described  above  the  number  of  fish  that  migrate 
into  the  various  fishing  grounds   (table  3) 5.   it  can  be  thought, 
as  Okamoto^/  imagined j,   that  the  majority  of  the  fish  of  age- 
group  III  come  directly  to  Kinan  without  passing  through  the 
Satsunan  area  and  from  there  move  north  to  the  Northeastern 
Sea  Area  through  the  waters  off  Japan  proper o 

Now  if  we  assume   that  the  above  hypothesis  is  correct^  in 
the  age  corapusilion  on  the  southern  fishing  grounds  the  fish 
of  age-group  III  should  show  a  gradual  decrease  in  the  late 
spring  and  a  gradual  increase  in  the  late  autmmic.     However, 
according   to  Aikawa^  (table  h) 3    the  body-weight  of  fish  of 
age-group  III  is  I06O  =■  3oU5  kg|   if  we  try  to  bring  in  the 
results  of  his  measurements  of  the  annuli  in  the  vertebrae 
(table  5)s  since  it  appears  that  the  annuli  develop  from  winter 
to  summer,  it  can  be  considered  that  the  body-weight  of  fish  of 
age-group  III  is  3o7  pounds  in  early  spring  and  7 oh  pounds  in 
late  autumn,  while  the  weight  of  fish  of  age-group  IV  is  around 
8o27  pounds  early  in  the  springe     For  this  reasonj  in   the 
composition  by  large,  medium,   and  small  sizes y  traces  of  a 
recurrence  of  age-group  III  can  be  expected  in  late  autumn  but 
not  in  early  spring.     On  the  Palau  fishing  grounds  studied  by 
Kimur^s  ^^  "the  peak  fishing  seasons  of  spring  and  autumn, 
there  is  clearly  discernible  in  the  age  composition  (table  6) 
a  gradual  increase  of  the  medium-sized  fish  of  age-group  III 
in  late  auturano 

If  we  assume  in  this  way  that  after  the  skipjack  have 
spent  their  Juvenile  period  in  the  region  of  the  South  Sea 
Islands  they  make  thoir-  great  migration  north  alorig  the  KuroshiOp 
part  of  them  as  fish  of  age-groups  II  and  IV  but  the  majority 
of  them  as  age-group  III^  and  that  thereafter  they  remain  in 
southern  waters j,  it  goes  without  saying  that  we  must  go  by  the 
composition  on  the  South  Sea  fishing  grounds  in  calculating  the 
survival  rate,  which  is  one  of  the  important  characteristics 


1/    Parts  published  in  C5U)s   (57) 5   (59),   (61),  and  (63) < 
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Table  Uo  Body  length  and  weight  by  ages 


Body  weight* 
kg 

o3ii-   o75 

„75-lo60 
l,60-3oli5 
3oU5-^o7U 


■MNotes  Inferred  from  the  body  length  by 
using  the  length-weight  curve o 


Table  So     Radius  (r  mm)  of  each  annulus  in  the  vertebral 
centrum  and  total  diameter  (T  mm)  in  August 


Age 

^1 

^2 

'3 

\ 

T 

I 

II 

III 

IV 

2„60 
2o5l 
2c59 
2»60 

3o76 
3o96 
3o95 

5o38 
5ok8 

7o20 

3o70  (1) 
Uo69  (7) 
6.21  (8) 

8o02   (U) 

Average 

2«57   (20) 

3o88  C19) 

BM  (12) 

7o20  (U) 

—- 

Notes   (  )  is  the  number  measured 
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Table  60  Size  coinposition  by  months  on 
the  Paiau  fishing  grounds 


Note?  Pig-ores  for  April,  May^  and  June  are 
the  average  for  1935=-39|  those  for 
October  5,  November  c,  and  December  are 
the  average  for  193U"1938o 


of  the  skipjack  stocko  If  we  seek  the  survival  rates*  from 
the  ratio  of  large  and  small  fish  for  the  Truk  and  Palau  grounds 
by  the  same  method  as  was  previously^/  followed  with  the  black 
tunaj  yellowfin  tuna,  and  albacore,,  they  come  out  as  o58  and  o50 
respectivelyo  On  the  other  hand,  in  late  autumn  the  only  medium- 
sized  fish  are  those  of  age=group  III  and  the  large  fish  are  of 


■jf 


8/ 


Since  raedium-sized  fish  are  I088  -  3o75  kg;,  they  include 

^"^t  "  "^°bO  ^  "^^  °^  ^^®  ^^""^  '^^^  ^^  silk  °  foki  ^  """"^  °^ 
age-group  IVo     The  large-sized  fish  are  those  over  3«75  kgj, 
so  1  -  0I3  "  087  of  age-group  IV  and  all  of  age-groups  V  and 
up  are  included,,     Consequently 5,  taking  /^  as  the  survival  rate, 

.87  P  ;^   PI  n  ir-   .  n^  V 

large  _        I^  ^  and  since  this  value  is  loU5  at  Truk 

medium  "  o85  /  13p  ^ 

and  loOU  at  Palau,  the  values  of  f   will  be  0^8^  and  =50j^s 

respectivelyo 

Tauchis  Morisaburog  On  the  Stock  of  Black  Tunao  Bull o  Jap „ 
Soco  Scio  Fisho  9  (U),  I9UO5  On  the  Stock  of  Yellowfin  W, 
loco  cite  I  On  the  Stock  of  Albacore,  loco  cite  (Translated 
in  FWS  Special  Scientific  Report  =  Fisheries  Noo^l6  -  Three 
Papers  on  the  Stocks  of  Tuna  in  Japanese  Waters oj 
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age-groups  IV  and  above,  so  if  we  seek  the  survival  rate  from  the 
con?30sition  at  Palau  during  the  autumn  peak  season  by  the  method 
previouslyZ/  used  for  the  yellowtail^  it  comes  out  „Sho^ 

For  those  species  of  the  tunas  which  have  roughly  the  same 
range  of  distribution  and  which  resemble  each  other  in  making 
large  seasonal  migrationSj  for  which  estimates  have  hitherto  been 
made J  the  survival  rate  is  o75  for  the  black  tuna,  o57  for  the 
yellovrfin  tuna^  and  066  for  the  albacore£/,,  but  if  we  take  into 
consideration  the  fact  that  the  highest  age-group  in  the  catch 
is  Vl3/  for  the  skipjack,  while  it  is  X  for  the  black  tuna,,  IX 
for  the  yellowfin^  and  VIII  for  the  albacore^  we  can  probably  say 
that  the  value  obtained  above  as  the  survival  rate  for  the  skipjack 
is  fairly  reliable „ 

Effective  clues  for  the  deduction  of  the  catch  rate  are  found 
in  the  records  of  tagging  experiments »  Mth  the  skipjack^  318 
fish  were  released  from  193h  to  1939  in  the  Satsunan  area,  10  in 
the  Kinan  area,  and  162  in  the  Izu  archipelago  of  which  7?  Ij 
and  2  respectively  were  recaptured  within  20  days  and  close  to 
the  point  of  release 5,  while  of  92  fish  released  in  the  Ogasawara 
area  two  were  recaptured  53  and  $Q   days  later  in  the  Northeastern 
regiono  In  the  same  period^  I53IO  fish  were  released  in  the 
Northeast,  but  not  one  of  them  was  recap tiired-^S/o  Accordingly, 
the  proportions  recaptured  are  o022  for  Satsunan,  dOO  for  Kinan, 
0OI2  for  Zunan,  and  0OOIJ4  for  Ogasawara^Northeasto  Since  not  one 
of  the  fish  released  in  the  Northeastern  Sea  Area  was  captured, 
it  can  be  seen  that  the  nearer  the  fish  are  to  the  northern 
extremity  of  their  migration,  the  stronger  is  the  effect  of  the 
handling  in  connection  with  capture  and  taggingo  It  is  thought, 
therefore,  that  it  is  inappropriate  to  use  the  rate  of  recapture 
to  establish  the  catch  rate  for  Ogasawara-Northaasto  Then  if  we 
divide  the  number  of  fish  taken  by  the  number-  that  mi^ate  into 
the  area  to  get  for  each  fishing  ground  a  numerical  value  in 


.>M»  larEP   »,  /^ 

'^  If  we  take  £>    as  the  survival  rate,  then  ^j^^^g  -  ^~r 

I0I9 
2ol9 


2^M.      -  o^ky 


^     Tauchi,  Morisaburo§  On  the  Stock  of  Yellowtailo  Bullo  Japo 
Socc  Scio  Fisho  9  (U)?  19hO. 

W  The  records  of  taggings  are  in  Reports  of  Oceanographic 

Investigations  (5U),  (55),  (57),  (^8  .59  ,61  ,63  ,65  , 
and  the  records  of  recapture  are  in  (54)9  (57;.9  (59;,  (>oi;,  (.ojj^o 
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dj.rect  proportion  to  the  catch  ratio  and  calculate  the  catch 
rate  for  Japanese  waters  on  the  basis  of  the  proportion  of 
recaptures  on  the  grounds  south  of  Ogasawaray  we  get  olO  =  o30o'*»* 


The  above  value  does  not  seem  too  unsuitable  as  a  catch  rate 
for  sbipjack  in  view  of  the  rates  of  dO  for  black  tuna  and  o29 
for  yellowfin  that  have  been  deduced  previouslyoS/ 


To  suininarize  the  above:   (1)  After  the  skipjack  have  spent 
their  juvenile  period  in  the  region  of  the  South  Sea  Islands, 
they  make  a  great  migration  beginning  in  early  summer  along  the 
Kuroshio  through  the  waters  off  Japan  proper,,  part  of  them  as 
fish  of  age-groups  II  and  IV  but  most  of  them  as  age-group  III„ 
After  reaching  the  waters  off  Northeastern  Japan.,  they  turn 
back  south  with  the  autumn  and  thereafter  appear  to  remain  in 
southern  water Sj  (2)  their  survival  rate  can  be  considered  to  be 
about  o5U  and  their  catch  i5ate  between  olO  -  o30o 


*mt  According  to  Kimura  V  "the  average  numbers  of  fish  caught 
1937-39  were  ^jUiO^OOO  in  Satsunan^  6j,590yOOO  in  Kinan, 
^yliliOjOOO  in  Izu=Ogasawaras  and  29 $066,000  in  the  Northeast, 
so  the  proportions  for  the  fishing  grounds  Sat sunang Kinan j 
Izu-OgasawarasNortheast  are  5UU  ?  6$9  j  Skk   s  2,906  -  o  t  t  c^ 

But  the  proportion  caught  on  the  fishing  grounds  from  Ogasawara 
south  is  ol3ii  30  that  from  the  waters  adjacent  to  Japan., 
including  the  Northeast,  is  ol3U  x  9  .|  „3o<,  if  an  inference 

U  0 

is  drawn  on  the  basis  of  the  Satsunan  and  Izu=Ogasawara  areas, 
leaving  out  Kinan,  where  so  few  fish  were  released^  o03i4-  x 

£  k   olOo  Consequently,  if  we  assume  that  the  skipjack  in 
3  " 

the  waters  adjacent  to  Japan  move  northward  from  Satsunan  to 
the  Northeast,  it  means  that  the  catch  rate  in  the  waters 
adjacent  to  Japan  proper  is  ,10  -  o30o 
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From  the  Bulletin  of  the  Japanese  Society  of  Scientific  Fisheries, 
Volo  6,,  Noo  1»  ppo  l>21s,  May  1931  o 


(English  title  and  synopsis) 


Notes  on  the  Shoal  of  Bonito  (Skipjack^,  Katsuwonus  pelamis)  along 
the  Pacific  Coast  of  Japan 

By  Hiroaki  Mkawa 


SYNOPSIS 

(1)  Age  of  bonito  was  determined  on  the  basis  of  the 
vertebral  bones  just  like  that  of  chub-mackerel.     The  body 
lengtl:^/  of  bonito  well  correlates  with  the  length  (T)   of  the 
centrum  of  the  vertebral  bone  (fig*  l)"     The  rings   (r)  formed  on 
the  surface  of  the  c en trim  can  be  considered  as  the  year  rings o 
The  first  ring  measures  2o5  nim.,  in  radius c,  the  second  one  3o9 
mmo,   the   third  one  Sok.  iiim„5,   and  the  fo^;a"th  one  7o2  mmo     IBien 
the  body  length  is  26  cmoj  the  lengtli  of  the  centrum  (T)  becomes 
equal  to  the  radius  of  the  first  ring  (r^^)  and  thus  the  ring  may 
be  corapletedo     Therefore „   the  bonito  less  than  26  cmo  in  body 
length  may  belong  to  0=year  group o     According  to  the  similar 
assumption,  I»year  grot?)  ranges  in  body  length  from  27  cm  to  3U 
cm,,  Il-year  group  from  3$  cmo  to  U3  cmo,   and  m-year  group  from 
hh  cmo  to  53  cmo     IV-year  group  may  be  larger  than  $k  cm, 
(2)     Most  of  the  bonito  cau^t  by  angling  are  mainly  composed 
of  III"  and  IV-year  groups  in  the  LLu-Kiu  region,   and  Ill-year 
group  oc^pies  6^%  of  all  and  IV^year  group  i;0^.     While  bonito 
Ihoal  Ts  simply  composed  of  Ill-year  group  in  the  Tohokji  region. 
It  is  also  remembered  that  bonito  caught  by  longlines  is  far 
larger  in  size  than  that  by  angling  and  usually  belongs  to 
V-vear  group  or  far  older  oneo     (3)     lliere  are  two  different 
shoals  of  bonito  in  these  regions o     The  one  is  the  migratory 
shoal  and  the  other  the  resident  shoal.     The  resident  shoal  xs 
generally  larger  in  tiie  mean  value  and  in  the  modal  value  of  body 
lengtti  than  the  migratory  group  either  in  III»year  group  or  m 
IV-vear  group.     The  migratory  group  is  siii?)ly  composed  of 
TTll-vear  group  in  the  Tohoku  region,  while  the  resident  group 
compSres'to  Lme  extent  IV^year  groupo     The  -i^^^f 'Jhfirthe' 
Ser  than  20  on  the  quality»indicator  (lo3,  W/L^),  while  ti^e 
resident  group  less  than  20,     In  the  Liu=Kiu  region,  the 

of  CoSerative  Studies  of  the  Skipjack  Fisheryi   358,  1935o 
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FIG.  I  (A)  RELATIONSHIP  BETWEEN  THE  TOTAL  LENGTH  OF  THE  VERTEBRAL 
CENTRUM  (T)  AND  THE  BODY  LENGTH  OF  THE  SKIPJACK  (I),  r,  -  X.   ARE 
THE  RADII  OF  THE  ANNULI ,  I,- L  ARE  THE  DEDUCED  BODY  LENGTHS  AT 
WHICH  EACH  ANNULUS  WAS  COMPLETED.  (B)  SKETCH  SHOWING  X  AND  T 
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FIG.  2     BODY  LENGTH   DISTRIBUTIONS  OF  MIGRATORY  SCHOOLS  (WHITE  DOTS)AND 
SEDENTARY  SCHOOLS  (BLACK  DOTS)  ( SUMMARY  OF  1934  -1936).  THE 
HORIZONTAL  AXIS  IS  THE   BODY  LENGTH  (CM)  AND  THE  VERTICAL  AXIS 
SHOWS  THE   NUMBER  OF  FISH. 
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resident  group  is  fished  principally  in  the  area  around  the 
small  isles  and  over  the  shallow  bankSo  l>ie  resident  group  is 
also  related  with  small  isles  of  t'?-  Bonin  Chain,  although  it 
can  migrate  north-eastwards  into  the  open  sea  of  the  Tohoku 
tegiono  On  the  other  handj  the  migratory  groups  are  fished  in 
any  portion  in  both  regions,,   (U)  Ihe  migratory  shoal  of  Ill-year 
group  in  the  Tohoku  region  is  probably  originated  from  the  migra- 
tory shoal  of  Ill-year  group  in  the  Liu=Ciu  region^  because 
shoal  of  similar  character  to  those  in  both  regions  can  be  fished 
in  the  Seinan  regionc  The  migratory  shoal  of  Ill-year  group  can 
be  called  the  Iau=£iu  group  both  in  Seinan  and  Tohoku  regions » 
While,  the  resident  groups  in  both  regions  show  no  similarity  in 
any  respect  to  each  othero  In  additionj,  no  resident  shoal  is 
fished  in  the  Seinan  region  between  these  two  regions o  According 
to  the  distribution  of  the  fishing  positions^,  the  resident  shoal 
seems  to  migrate  into  the  Tohoku  regions  from  the  southern  sea 
through  the  Bonin  Chain,  Therefore  the  resident  shoal  can  be 
considered  as  the  Bonin  group  in  the  Tohoku  region o  The  migra- 
tory shoal  occiipies  6O5S  of  total  catch  and  the  resident  shoal 
kO%  in  the  Liu-Kiu  regiono  In  the  Tohoku  region^,  the  Liu-Kiu 
grovp   occupies  80^  of  total  catch  and  the  Bonin  group  only  20^ o 
($)     The  fluctuaiion  in  the  yield  of  these  regions  seems  to  be 
influenced  by  the  changes  in  the  age  composition  in  the  Liu-Kiu 
region^  and  also  in  the  ratio  of  tiie  resident  group  (the  Bonin 
group  in  the  Tohoku  region)  to  the  migratory  group  (the  Liu-Kiu 
group  in  the  Tohoku  region) o 

(end  of  English  synopsis) 

Since  19 3h   the  Central  Fisheries  Experiment  Station  has 
been  carrying  on  a  study  of  the  skipjack  catch  in  congunction 
with  the  fisheries  experiment  stations  of  tiie  various  prefectures,, 
In  order  to  study  the  causes  of  fluctuations  in  the  catchj  it  is 
necessary  to  assemble  statistical  data  and  also  to  learn  the 
biological  characteristics  of  1±ie  fishj,  such  as  life  history, 
migrationsg  age  composition  of  the  schoolSs  and  the  types  of 
schools o  As  preparation  for  the  catch  study  the  age  of  the 
skipjack  was  determined  using  vertebrae  and  the  age  composition 
of  the  catch  was  found,  'and  deductions  were  made  as  to  what 
kind  of  biological  groups  compose  the  skipjack  population  of 
the  Pacific  coast  of  Japano 

The  Skipjack  Schools  of  the  Ryukyu  Sea  Area 

lo  Body-length  distribution.   The  skipjack  of  this  sea 
area  are  dTvided  into  three  categories  by  size^  large,  medium^, 
and  small o  In  the  catch  of  the  Hyuga  Maru,  the  Shoyo  Maru,  and 
the  Zunan  MarUo  which  fished  in  this  area  in  193Us,  there  was  a 
mixture  of  large,  medium,  and  small^sized  fish,  with  large  and 
small  fish  plentiful  while  medium-sized  fish  were  few  (table  IJo 

3U 


Table  lo  Proportions  of  large,  raediiim,  and  small 
skipjack  m  the  catch  (19314.) » 


Pishing  grounds 

Large 

Medium 

Small 

Number  of 
fish 

northern  shoal 

27  ol 

15'o9 

% 
57  cO 

12^900 

northern  offshore 

21o5 

fioS 

7GoO 

9,300 

southern  shoal 

U7o2 

9oli 

U3ci; 

10  c,  600 

southern  offshore 

.     8i+„.5 

9o3 

6o2 

3U,300 

whole  RyTilyuarea 

58o5 

10, ii 

31ol 

67s 100 

The  proportions  -varied  geographically j  small  fish  being  more 
numerous  than  large  ones  on  the  fishing  grounds  north  of  Okinawa 
and  the  opposite  situation  prevailing  on  the  southern  grounds 
■with  large  skipjack  more  plentiful.  According  to  the  report  of 
of  Kagoshima  Prefecture  Fisheries  E3q)eriment  Station  for  193Si' ,o 
the  average  proportions  of  the  three  sizes  in  the  catch  for  the 
six  years  from  1928  to  1933  were  18^  large.,  29^  medium;,  and  ^2% 
smallo  Ihese  differ  from  the  proportions  in  the  19 3i;  catchj,  but 
this  is  thought  to  be  due  to  the  fact  that  -Uie  distinction 
between  the  three  size  categories  is  not  drawn  on  any  definite 
standard  rather  than  to  a  change  in  the  composition.  If  we  look 
at  the  distribution  (fig,  2)  of  body  lengths  of  the  skipjack 
that  are  taken,  we  can  perceive  a  small  size  group  with  its  mode 
at  14.6  cm,  and  a  large  size  group  having  its  mode  at  63  cm, 

2°  Age  of  skipjacko  It  is  difficult  to  use  the  scales  and 
otoliths  for  determining  the  age  of  skipjack.  There  are  rings 
formed  on  the  centra  of  the  vertebrae.  The  number  of  these  rings 
is  extremely  great ^  some  are  broad  and  some  are  narrow,  some  are 
perfectly  and  others  imperfectly  formed^  and  they  are  densely  or 
sparsely  distributed.  Now  some  areas  can  be  recognized  through 
the  density  or  sparseness  of  the  distribution,  and  on  the  bounda- 
ries of  each  area  where  the  rings  are  densely  distributed  there 
are  thick  and  perfectly  formed  representative  rings.  Using  the 
first  to  fifth  vertebrae,  measurements  were  made  on  the  surface 
of  the  cross  section  of  the  distance  from  the  center  of  the  centrum 


-'      Kagoshima  Prefecture  Fisheries  Experiment  Stations  Reports  of 
Cooperative  Studies  of  the  Skipjack  Fishery s  358 ^  1935 » 


35 


to  each  representative  ring^  that  iSj  the  radius  (r)  of  the 
annulusj  and  of  the  distance  from  the  center  to  the  outer  edge 
of  the  centrum^  that  is,  the  total  length  (T)  of  the  centrum 
(table  2)„  There  is  room  for  individual  error  in  the  selection 
of  the  representative  annuli.,  but  the  fact  that  this  error  is 
very  small  is  clear  fr-om  a  consideration  of  the  standard  devia- 
tion of  the  radius  of  each  ring«  as  shown  in  table  2o  There  iSj 
as  shown  in  figure  1^  a  definite  correlation  between  the  body- 
length  0)   of  the  skipjack  and  the  total  length  of  the  centrum 
(T)  at  the  time,,  Consequently  every  ring  can  be  tentatively 
taken  as  an  annuluso  Each  ring  is  completed  when  the  total 
length  T  is  equal  to  ro  In  other  wordSj  it  can  be  thought  that 
when  T^  -  ify-^y  the  body  length  is  l^^s,  and  at  this  time  the 
skipjack  has  completed  n  years  since  hatching »  Skipjack  complete 
the  first  ring  (r^)  at  a  body  length  of  26  mos,  the  second  (rg) 
at  3U  ciUos  the  third  (r-^)   at  k3   cmo,  and  the  fourth  (r|^)  at  Sk   cmo 
Skipjack  with  a  body  length  of  less  than  26  cmo  are  first  year 
fish  (0-year  groiip)^  those  from  26=3ii  cmo  are  second=year  fish 
(I-year  group),  :^-U3  cmo  are  third-year  fish  (Il-year  group), 
k3~^k   cmc  are  fourth=-year  fish  (Ill-year  group),  and  those  over 
5ii  cmo  arai/  fifth=-year  (IV-year  group )»  In  the  catch  from  the 
pole  and  line  fishery  there  are  no'fish  under  30  ctoo  nor  over 
80  cmo  J  and  the  m^  n  part  of  the  catch  is  from  slightly  over 
li3'cmo  to  slightly  over  6?  cmo  The  group  of  small  fish  with  its 
mode  at  i|6  cmo  is  between  UO-SO  cmo  and  clearly  consists  of  fourth- 
year  fish,  and  the  large-sized  group  between  55-70  cmo  are  fifth- 
year  flsho  On  the  average  in  the  three  years  19314.-1936  fourth- 
year  fish  and  fifth-year  fish  were  taken  in  the  proportion  of 
l|8o9^  and  6lol^  respectively  (table  3).v  which  is  in  approximate 
agreement  with  the  ratios  of  large  and  small  skipjack  in  the 
catch  as  given  in  table  lo  The  medium-sized  skipjack  include  fish 
which  must  belong  to  either  the  fourth-year  or  the  fifth^year 
classo  From  year  to  year  there  is  more  or  less  of  a  change  in  the 
average  body  length  and  the  mode  of  the  fotsrth-year  and  fifth-year 
fish  (table  k) o     Furthermore;,  there  are  differences  in  the  age 
composition  in  different  years  (table  3)o  Since  this  is  considered 
to  be  one  of  the  iirportant  causes  of  fluctuations  in  the  amount  of 
the  catchy  hereafter  accurate  observations  must  be  made  of  the 
course  of  changes  in  the  age  composition  in  addij-tion  to  accurate 
investigations  of  the  amount  of  the  catch,, 


=/     Large  skipjack  are  occasionally  taken  on  tuna  longlines  in  the 
wintero  A  skipjack  taken  in  the  middle  of  December  1936^  h3 
miles  SE/n|E  of  Nojima  Saki  (water  temperature  19ol°C)  at  a 
depth  of  30  fathoms  had  a  body  length  of  8lo3  cmc  (total  length 
88o5  cmo)  and  a  body  weight  of  liio5  kgo  Since  it  was  possible 
to  measure  up  to  the  6th  ringj  it  is  presumed  io   have  been  a 
seventh-year  fisho 
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^»  5iS  condition  factor  in  skipjacko  The  condition  factor 
is  the  so-called  "qijiality  indxcator"  (10^/l3)  ,,  Kimuraj/  has 
used  it  to  find  one  of  the  characterastics  of  sardine  populationso 
Tiis   condition  factors  of  the  skipjack  schools  of  the  Rjnikyu  Sea 
Area  are  broadly  distributed  between  13-35  (figo  3)  and  the 
differences  due  to  age  are  slight  (table  5)o  If  we  divide  the 
schools  into  those  in  which  the  average  condition  factor j,  or  at 
least  the  mode,  is  under  20  (shown  with  black  circles  in  all 
figures)  and  those  in  which  it  is  over  20  (shown  with  white  circles 
in  the  figures),  and  then  consider  the  distribution  of  the  posi'^- 
tions  at  which  catches  were  made  of  each  (flgo  k) s   the  lean  fish 
beloTT  20  are  taken  in  large  numbers  around  the  small  islets  and 
shoals  (banks)  stretching  from  Yakushima  and  Tanegashima  to 
Ajnand  Oshima  in  the  north,  and  to  the  south  many  of  them  are 
taken  on  the  shoal  groimds  between  Miyakojima  and  Kumeshimag  but 
they  are  generally  scarce  throughout  the  offshore  fishing  grounds 
northwest  of  Okinawao  The  fat  fish^  however j  are  taken  at  all 
grounds  at  the  -game  rate.  The  proportion  of  catches  made  from 
each  group  in  a  three-year  total  was  21  times  for  the  lean  group 
to  19  times  for  the  fat  group  on  the  northern  shoal  grounds j  and 
11  times  for  the  lean  group  to  IiS  times  for  the  fat  groip  on  the 
central  offshore  grounds,  ifrtiere  the  number  of  catches  from  the 
lean  group  was  conspicuously  lower o  On  the  southern  shoal  grounds 
the  proportion  of  catches  from  the  lean  group  again  increases 
with  32  catches  of  lean  fish  to  20  catches  of  fat  fisho  There  is 
no  departure  from  the  trend  for  each  fishing  ground  in  any  year 
(table  6)o  This   indicates  that  the  lean  schools  are  somehow 
closely  related  to  islets  and  shoals o  The  skipjack  schools  of 
the  Ryukyu  Sea  Area  are  divided  ecologically  into  the  two  cate- 
gories of  migratory  schools  and  sedentary  schools o  In  the  migra- 
tory schools  fat  schools  make  up  63^.j  and  in  sedentary  schools  the 
lean  schools  make  up  68^  of  the  whole  (table  6) o  Accordingly  it 
can  be  said  that  the  migtatory  schools  are  those  that  have  a 
condition  factor  of  over  20  and  have  no  selectivity  within  the 
range  of  their  migrations^  while  the  sedentary  schools  are  those 
that  have  a  condition  factor  of  less  than  20  and  reside  permanently 
chiefly  in  the  waters  adjacent  to  islets  and  shoalso  As  two  or 
three  characteristics  irixLch  should  be  addeds   (1)  mth  the  migra- 
tory schools,  in  the  total  landings  for  one  fishing  season  the 
fifth-year  fish  are  more  numerous  than  the  fourth-year  fish,  but 
with  the  sedentary  schools  the  opposite  is  trueo  (2)  In  the 
migratory  schools  the  condition  factor  of  the  fifth-year  fish 
is  lower  than  that  of  the  fourth-year  fish,  but  in  the  sedentary 
schools  it  is  higher,  (3)  Both  the  average  and  the  mode  of  the 
body  length  are  greater  for  the  migratory  schools  than  for  the 
sedentary  schools  (table  7)  Csic)o  However,  the  difference  in 

3/    Kimura,  Kinosukes  Bullo  Japo  Soc„  Sci o  Fish  3  (6),1935o 
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FIG.   3    DISTRIBUTIONS  OF  CONDITION  FACTORS  OF  MIGRATORY  AND  SEDENTARY 
SCHOOLS  (RYUKYU  SEA  AREA,  1934).   WHITE  DOTS  FOR  MIGRATORY  SCHOOLS, 
BLACK  DOTS  FOR  SEDENTARY  SCHOOLS.  THE  BROKEN  LINE  SHOWS   THE 
DISTRIBUTION  OF  THE  CONDITION   FACTOR  FOR  ALL  SCHOOLS.  HORIZONTAL 
AXIS  IS  THE  CONDITION  FACTOR ,  VERTICAL  AXIS  IS  THE   NUMBER  OF  FISH. 


CENTRAL 


GROUNDS 


FIG.  4    DISTRIBUTION   OF  POSITIONS  AT  WHICH  MIGRATORY  SCHOOLS  (WHITE  DOTS) 
AND  SEDENTARY  SCHOOLS  (BLACK  DOTS)  WERE   FISHED.  (RYUKYD   SEA 
AREA,  1934  -1935) 
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Table  5.  Changes  with  body  length  in  the  condition  factor  of  the 

tv/o  groups  in  the  RjMikyu  and  Northeastern  sea  areas  (1936) 


Body 
length 

Ryukyu 

Area 

Nortnaas 

tern  Area 

Difference  in 

Age 

Ryuk;v-u 

Mi.gratory 

condition  factor 

(cm) 

Migratory 

Sedentary 

stock 

schools 

Ogasawara 
s  chools 

Ryukjru      Northeastern 

II 

36 

22,1 

20,5 

30,8 

__>_ 

1,6 

37 

22«7 

19.3 

32,8 

20,8 

3.1;             12.0 

38 

22.0 

18. 1^ 

25.1; 

18.9 

3.6               9oS 

J) 

21,6 

18.6 

27.1 

19.7 

3,0               7.1; 

Uo 

21„8 

19.3 

26,6 

19.0 

2.5               7.6 

Ui 

23ol 

19,3 

23.6 

19.2 

3.3               h.k 

ii2 

22, U 

20,0 

23,1; 

17,6 

2.1;               5.8 

\x3 

22.7 

20.7 

23o3 

17,9 

2.0               5oi; 

III 

~  w 

22„1 

19  „2 

237ir 

18,1 

2,9               5,7 

h5 

21„9 

20,0 

21;,!; 

17.3 

1.9               7,1 

1+6 

22oO 

13,6 

23,5 

18,2 

3>k               5o3 

hi 

20ou 

19.1 

22, k 

17.6 

1.3               1;.8 

U8 

2ia 

18.0 

23.2 

17.9 

3.1               So3 

49 

2i;<,i; 

17.0 

22,7 

18.1 

7.1;               i;,6 
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21;. 3 

19,9 
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19.1 

hoh              i;o9 
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18.3 
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18,8 

2i;ol 

18.2 
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53 

2U,6 
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2I1.O 

13,0 
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IV 

5U 

26,5 

19.9 

2U.i; 

17,1 
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$$ 
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19.9 

23.2 

18, U 
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S6 
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18,3 

23,5 

17,5 

hoi              60O 

57 

21;, 1 
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62 
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19,1 

17.6 
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6k 
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18.- 

l7ol 

3.1 
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23.1 

18,9 

16.7 

1;,2 

66 

22,2 

19,2 

13,2 

3,0 

61 

23.0 

19.2 

16.0 

_==_ 
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23,1 

18,9 

15.0 

i;,2 

69 

21.8 

11;. 3 

7,5 
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22,9 

lGo3 

20.0 

i;,6 

V 
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22.9 

___ 
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3cl 
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3>3 
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3o6 

Uth-year  fish 
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20.7 

"ITTX" 

"     18,3 
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5th-year  fish 

2/';,0 
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Average 
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condition  factor  between  the  migratory  and  sedentary  schools  is 
not  very  great  in  the  third-year  fish  below  k3   cmos  but  in 
fourth-year  and  fifth-year  fishj,  with  the  increase  in  age  and 
body  length,  the  difference  becomes  well  marked  (table  5)o  The 
proportions  of  the  mixture  of  these  two  groups  of  fish  should 
probably  also  be  noted  as  one  reason  for  the  fluctuations  in  the 
amount  of  catch  in  the  I^yukyu  Sea  Areao 

i^o  Differences  in  the  condition  factor  and  the  manner  in 
which  the'^^'take  gig  baito  (table  H).  "There  are  seasonal 
changes  in  how  well  the  fish  take  the  baito  At  the  start  and^ 
finish  of  the  season  in  spring  and  fall  most  of  the  schools  bite 
wellj,  but  during  the  peak  season  few  of  them  do  ,  It  is  hard  tc 
find  any  clear  correlation  between  the  differences  in  the  water 
temperature  at  the  oositions  Tfhere  catches  were  made  and  the 
way  the  fish  biteo  \(hexe   the  schools  were  dense  and  large 
the  fish  generally  took  the  bait  well .  and  where  they  were 
sparse  and  .small  the  fish  mostly  bit  prorlyo   Perhaps  the 
"panic  theory"it/s  which  explained  the  relation  between  herring 
schools  and  catchj  could  be  used  to  explain  this  circumstance o 
Furthermore,  the  sedentary  schools  with  their  condition  factor 
of  less  than  20  generally  take  the  bait  well.,  while  the  mxgra- 
tory  schoolffj  with  condition  factors  of  more  than  20,  generally 
bite  poorlyo  In  a  general  view,  it  may  be  wondered  whether  the 
biological  characteristics  of  a  school  govern  how  well  or  how 
badly  the  fish  in  it  biteo 

The  Skipjack  Schools  ot  the  Northeastern  ^a  ^ea 

5o  Distribution  of  bo^  lengths  ^  ^e  compositiono 

The  skipjack  schools  of  the  Northeastern  Sea  Area,  stretching 
from  the  Ogasawara  Is.   and  the  Zunan  chain  to  the  waters  off 
Sanriku,  differ  from  those  of  the  Ryukyu  Sea  Area  xn  that  the 
bodv-length  groups  are  distributed  only  between  U5-55  cmo  and  in 
tSt  as  far  Is  age  groups  are  concerned,  schools  of  fourth-year 
fish  are  abundant  and  flfth^year  fish  are  extremely  scarce  ifxgo  3)o 

60  Condition  factoro  In  the  Northeastern  Sea  Area,  too, 
there  are~bf5~i?5^iB  that  differ  in  their  condition  factor  (table  3, 
figo  6)0  Thev  are  divided  into  migratory  schools  with  an  average 
condition  factor  of  over  20  and  sedentary  schools  ^^^f !,  f^^-^°^ 
less^than  20^  the  former  are  called  the  Ryukyii  stock  and  the 
t!!Li  +L  oksawara  stocks  The   difference  in  condition  factor 
Stw^en  ^e  twoToups  is  more  extreme  than  the  difference  between 
Dex.we«a  uic  o   s  ^  p^,wii  Sea  Area..  Consequently  it  is  thought 
th:t  the'relKionsS?  bSSn'tSelwo  groups  of   the  Northeastern 
Sef A^ea  is  even  more  distant  than  the  relationship  between  the 
two  groups  of  the  Ryukyu  Sea  Areao 

Graham,  Mo"  Jo  du  Conseil,  U  (2),  1931o 
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FIG.   5     DISTRIBUTION  OF  BODY  LENGTHS  OF  THE  RYUKYU  STOCK  (WHITE  DOTS)  AND 
THE  OGASAWARA  STOCK  (BLACK  DOTS).  (NORTHEASTERN  SEA  AREA, TOTAL   FOR 
1934-36  ).  HORIZONTAL  AXIS  IS  BODY  LENGTH,  VERTICAL  AXIS  IS  NUMBER  OF  FISH 
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FIG.  6.    DISTRIBUTION  OF  CONDITION  FACTORS  OF  RYUKYU  STOCK  SCHOOLS  (  WHITE 
DOTS  )  AND  OGASAWARA  STOCK  SCHOOLS  ( BLACK  DOTS).  THE  HORIZONTAL  AXIS 
SHOWS  THE  CONDITION  FACTOR  AND  THE  VERTICAL  AXIS  SHOWS  THE    NUMBER 
OF  FISH. 
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7 o  The  sources  of  the  skipjack  of  the  Northeastern  Sea  Area. 
Looking  at  the  distribution  of  the  positions  of  catches  of  migratory 
and  sedentary  schools  (figo  7),  it  can  be  seen  that  the  sedentary 
schools  are  fished  in  the  greatest  numbers  along  the  Ogasawara  and 
Zunan  archipelagoes 5  and  they  are  a^."  taken  in  lesser  numbers  off 
Sanrikuc  In  contrast  to  thiSj  the  migratory  schools  are  fished 
not  only  in  the  Zunaa  and  Ogasawara  islands^  but  also  in  the  South- 
western sea- area  to  the  westj  andj  like  the  migratory  schools  of 
the  Ryukyu  Sea  Areag  the  r  ange  of  their  distribution  is  nob  select- 
ive. The   sedentary  schools  of  the  Northeastern  Sea  Area  swim 
from  the  Ogasawara  chain  to  the  Zunan  islands  and  then  migrate  on 
farther  to  the  waters  off  Sanriku,  and  therefore  they  should  be 
called  the  Ogasawara  stocko  They  are  not  as  bound  to  islets  and 
shoals  as  the'  sedentary  schools  of  the  Ryukyu  Sea  Area„  In  contrast 
to  theses  ^^^   migratory  schools  move  into  the  Northeastern  Sea  Area 
from  the  Rjnikyu  Sea  Area  by  way  of  the  Southwestern  Sea  AieSj  and 
therefore  can  be  called  the  Ryukyu  stocko  It  is  deduced  from  the 
fact  that  a  school  of  fourth=year  fish  of  the  migratory  type  was 
fished  by  the  Fusa  Maru  in  the  vicinity  of  Douglas  Shoal  on 
May  Ij  1930s   that  migration  is  not  restrirted  to  the  routes  follow- 
ing the  coast  of  Honshu ^  but  that  the  fish  also  migrate  through 
the  offshore  waters  to  the  southo  The  migratory-  fourth=year  fish 
of  the  Ryukyu  Sea  Area  and  the  migratory  fourth-year  fish  of  the 
Northeastern  Sea  Area  resemble  each  oth^r  very  closely  in  the 
trend  of  change  of  the  average  and  mode  of  their  body  lengths 
{table  9)0  TlJhat  are  thought  to  be  facts  that  enable  us  to 
deduce  that  the  schools  of  fouxth-year  migratory  fish  of  the 
Ryukyu  Sea  Area  do  migrate  away  are?   (1)  The  proportion  of 
migratory  fourth=year  fish  in  the  catch  becomes  lower  as  one  goes 
toward  the  more  northern  fishing  grounds  (table  1)|  (2)  In  years 
when  migratory  schools  are  plentiful  the  amount  of  the  catch  in 
the  Ryukyu  Sea  Area  diminishes  (1935) «  These  phenomena  are 
thought  to  be  ascribable  to  the  fact  that  fourth-year  fish  do  not 
remain  permanently  on  the  fishing  grounds o  The  skipjack  schools 
that  are  fished  in  the  Southwestern  Sea  Area  are  migratory  fourth- 
year  fishji  and  tiieir  age  composition  and  condition  factor  resemble 
those  of  the  migratory  fourth-year  fish  of  the  Ryukyu  and  North- 
eastern Sea  Areas  (table  10) »  No  connection  can  be  found  between 
the  sedentary  schools  of  the  Northeastern  Sea  Areas  that  is,  the 
Ogasawara  stock,  and  the  sedentaiy  schools  of  the  Ryukya  Sea  Area, 
Schools  of  fifth-year  fish  are  scarce  in  the  Ogasawara  stock  in 
the  Northeastern  Sea  Area^  but  it  is  thought  that  in  the  C^asawara 
archipelago  and  farther  south  fifth-year  fish  are  much  more 
numerous o  The  skipjack  taken  by  the  Fuji  Maru  in  the  middle  of 
Mays  193^s  i"  "th®  waters  adjacent  to  Marcus  lo  (153  59 'E, 
2k°   11 «N)  were  sedentary  fifth-year  fish  with  an  average  body 
weight  of  Uo  5  kg  s  body  length  of  60  3  cm  ^iCc  Probably  63  cm  J, 
and  condition  factor  of  17-i8o 

Thus  there  are  two  distinct  stocks  that  come  into  the 
Northeastern  Sea  Area,  Fluctuations  in  the  catch  are  probably 
closely  related  to  the  volume  of  migration  of  each  group,,  Future 
investigations  should  pay  considerable  attention  to  this  poxnt„ 


FIG.  7    DISTRIBUTION  OF  THE  POSITIONS  OF  CATCHES  OF  RYUKYD  STOCK  SCHOOLS 
(WHITE  DOTS)  AND  OGASAWARA  STOCK  SCHOOLS  (BLACK  DOTS )(  NORTHEASTERN 
SEA  AREA  ,  1934  -  36  ) 
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Table  10.  Comparison  of  the  characteristics  of  schools  of  migratory 
fourth-year  fish  from  three  sea  areas  (June  1936) 


Ryukyu 

Southwestern 

Northeasts 

rn 

Length 

Fish 

w 

f 

Fish 

w             f 

Fish 

w 

--, 

3k 

1 

1.0     25,9 

1 

1.5 

35o0 

35 

36 

3 

loO 

22,1 

37 

6 

lol 

22,2 

111 

1,1       22,U 

2 

1.8 

35o2 

38 

7 

1,2 

22.1 

K 
P 

1,3 

2l;,C 

39 

i; 

lo3 

21,6 

22 

loU 

2ii,0 

Uo 

h 

loU 

21,8 

I6li 

i,U     2I08 

11 

1.6 

25,1 

1+1 

19 

1„6 

2ii,0 

2 

1.7      2U„7 

BS 

1,5 

22,1 

I42 

0 

1.7 

22,7 

1 

1,8       2ii,3 

69 

1,6 

22,2 

k3 

U 

1,8 

22,6 

lUo 

lo9       23,5 

88 

lo7 

22,2 

Uh 

6 

1.9 

22,2 

2 

2,1       2)4,6 

52 

lo3 

21.il 

hS 

8 

2.0 

21.9 

50 

2oO 

22.3 

U6 

7 

2.1 

21.9 

31 

2,3       2U,0 

^ 

2.2 

21.6 

U7 

2 

2.5 

21,9 

2 

2,U       23,2 

16 

2.0 

19.9 

U8 

5 

2.1; 

23,1 

10 

2.5 

23,2 

k9 

3 

2,6 

21,5 

9 

2.7       22,1 

9 

2,7 

22,9 

50 

3 

2.7 

22.1 

8 

3,1 

25,2 

51 

1 

3,0 

22,6 

8 

3,0 

22  „  3 

52 

1 

3.2 

2a  8 

h 

3.3 

23,2 

53 

1 

3.8 

25o5 

5 

3o6 

2i|o7 

Av. 

8U 

1,8 

22, u 

U63 

1,6       22,1; 

lih9 

1,9 

22.9 

L      U2 

,9 

L      3,06 

L      k. 

36 

(TN.  w  probably  represents  weight  in  kgj   f  =  condition  factor c 
L  appears  to  be  the  average  length  of  the  fish,) 
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In  the  averages  for  193U-1935  the  Ryukyu  stock  was  80^  and  the 
Ogasawara  stock  vias   20^,  Accordingly  it  is  thought  that  the 
Ryukyu  stock  plays  an  important  role  ::;.  the  fluctuations  of 
the  skipjack  catch  of  the  Northeastern  Sea  Area  (table  11), 
The  foregoing  represents  an  attempt  to  make  two  or  three 
deductions  concerning  the  age  composition,  types  of  schools^ 
and  provenance  of  the  skipjack  schools  on  the  Pacific  coast 
of  Japan,  however j  there  are  still  many  points  which  require 
examination  and  therefore  it  is  thought  that  future  investi- 
gations will  amplify  and  correct  these  hypotheses » 


Table  lie  Percentage  of  skipjack  schools  of  each 

stock  fished  in  the  Northeastern  Sea  Area 


Year 

Ryukjoi 
stock 

Southern 
stock 

Number  of  fish  caught     I'otai  number  of 
by  research  vessels             fish  caught 
(in  IOC's)                      (in  1,000's) 

193it 
1935 
1936 

60o8^ 

87o6 

82,5 

29o2^ 

12„Ll 

17o5 

807 

851 

3097 

7161 

5382 
695> 

Totals 

79.6 

20. ii 

ii755 

*This  is  the  catch  to  the  end  of  June  1936 
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Local  Variations  in  the  Ccmposition  of  Skipjack 
(Katsuwonas  pelands)  Schools 

by 

Michitaka  Uda  and  Jir5  TsukusM. 
(Central  Fisheries  Experiment  Station) 
^glish  title  and  synopsis/ 

LocaT  variations  in  the  Composition  of  Various  Shoals  of  "Katuwo", 
Euthynnus  vagans  (Lesson) ^  in  Several  Sea-districts  of  Japan 

Mititaka  Uda  and  Ziro  Tukusl 

SYNOPSIS 

A  study  of  the  fisheries  of  "Katowo'S  Euthytinus  yagans 
(Lesson),  in  several   sea  districts  adjacent  to  japan  xn  193^« 
leads  to  some  interesting  results  concerning  their  shcalxng 
conditions  —  associated  objects  such  as  biras,   sharks ^  yl^^les, 
Simnrtimbers  or  what  not;  whether  they  are  attached  to  banKs 
S  no4  denSness  or  cro.'ding|   degree  of  biting,  index  of  anglxng, 
and  the  siz.e  of  individuals,  which  is  classified  xnto  large   (over 
7-^Tr    y^)]'E  lbs  J    medl'xm  (I088  to  3o75  k^c  wt.)  /U  to  8  Ibs^,, 
id  sSil^lesi  tian-lo88  kg„  wt„)  ^^der  h  lbs  J.   sijes  »-  xn 
Slatfon  to  the  frequencies  =f  thsir  appearances  and  the  sxze  of 
catches  0 

Fron-  the  studv,  for  each  sea-district,   of  the  months,  in  which 
the  maximum  percentage  catch  of  fishes  of  each  size^-roup,   above  men- 
tioned,   is  attained  in  the  fishing  seasons   the  following  results 
of  discussions  on  the  migration  of  "Katuwo"  will  be  given;      (1)   The 
shoals,   consisted  mainly  of  fishes  of  medi-om  size^  migrated  in 
1933  from  the  southern  to  the  northern  sea-district  from  sprxng 
to  summer,   accompanied,   in  consequence,  by  the  mc^ement  cf  their 
fishing  grounds/    (2)     On  the  other  hand,   it  can  be  noticed  that 
the  local  groups  found  around  the  banks  in  southern  sea-dxstrxcts 
consisted  of  comparatively  high  percentage  of  fishes  of  large  and 
small  sizes  in  addition  to  those  of  medium  sizso 

Ihe  composition  of  various  shoals  of  "Katuwo"  in  each  sea- 
district  has  some  respective  pecrliaritvo  In  the  northern  sea- 
district  the  shoals  are  mainly  associated  with  sharks  or  without 
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anything  and  crowded  densely  in  number,  wrdle  in  tha  southern, 

they  are  mainly  associated  vfith  hirds  or  are  s.ttaoh3d  to  bauks 
and  crowded  thinlyo  The  leading  shoals  varies  froa  nortnarn 
to  southern  sea-districts  in  succession  froni  those  associated 
•with  sharks,  to  what  not,  those  associatid  with  -vvhales,  birds 
or  drifting  tirabsrs  and  to  those   attached  to  banks o 

(end  of  Siiglish  syiiopsis) 


In  the  investigation  of  the  fishing  situation  of  migratory 
fishes  like  the  skipjack  and  tunaj  all  sorts  of  basic  studies 
■iTith  rsgar4  to  the  ecology  of  the  schools  are  thought  to  be 
essentialV „  Ihe  present  paper  represents  the  results  of  a 
small  investigation  based  on  the  latest  data  concerning  the 
composition  of  skipjack  schools »  The  data  are  taken  from  the 
reports  of  the  fisheries  axp 3 r indent  stations  of  the  various 
prefectures  and  metropolitan  districts  wliich  participated  in 
the  Cooperative  Skipjack  Fishery'"  Investigations  for  1533 
(TaihokUj  Okinawa,  Kianainoto,  Ksgoshinia,  Wakayaiiaj  iita,  A^chi, 
Kanagawa,  Tokyo,  Ibaragij  Fvikushiraa,  M5.yagij  and  Iwat£}£/o 

Large,  medium,  and  small  fisho  K&re  fish  irrlth  a  body 
weight  greater  than  E~Tb&o  are'  called  large,  those  bs'tween 
k   and  8  lbs 9  are  called  medium,  and  these  under  k   IbSo  are 
called  small „  The  sea  areas  are  divided  into  the  Eokkai- 
Saiiriku  Sea  Area  (north  of  a  line  drawn  3E  from  Mcjiraazaki), 
Zunan  Sea  Area  (east  of  a  line  dra'-jsn  due  south  from.  Onaasaki, 
and  extending  to  the  limits  of  the  Kokkai-Sanriku  Sea  Area), 
the  Nankaido  Sea  Area  (east  of  a  line  drawn  due  south  from 
Hisaki  to  the  limits  of  the  Zunan  Area),  and  the  Satsunan  Sea 
Area  (east  of  a  line  joining  Nomasaki  and  Fukikaku  to  the 
liiTiits  of  the  Nankaido  Sea  Arsa}o 

Table  1  shows  the  numbers  and  percentages  cf  skipjack  of 
each  size  taken,  in  each  area  and  in  aach  month,  and  from  it  the 
following  can  be  stated?   (1)  In  the  Hokkai-Sanrik-u  Sea  Area 
the  munber  of  medium  skipjack  taken  (85  percent  of  the  whole) 
and  the  number  of  their  appearances  (75  percent  of  the  whole) 
are  over#ielrcingiy  predominant,  and  they  make  up  the  most 
important  element  in  the  composition  of  the  dchools  in  tiiis  area. 


2/' 


2/ 


K,  Kishincijyes     Contributions  to  the  comparative  study  of 
the  so-called  scombroid  fisheso     Jo-jto  Cello  AgriOo  1115)0 
UniVo   Tokj'-o,   8(3)j  ppo  25'3=ii75  is  a  valuable  contribution 
in  this  fieldo 

The  detailed  data  have  been  omitted  from  this  paper. 
Cons-alt  the  reports  of  operations  by  the  agencies  concerned 
for  the  year  l?33o 
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(2)   Schools  of  mediujn  skipjack  occur  in  a  hiif^her  ratio  as  one 
goes  toward  the  more  northern  areas  and  in  a  lower  ratio  as 
cn3  goes  tovmrd  the  sea  area?  to  the  north  and  west  of  Japan, 
(In  the  Zunan  Sea  Ar-ea  they  make  up  kk  percent  of  the  total 
catch  and  Sh  percent  of  the  total  frequency,  ^-rhile  in  the 
Satsunan  Sea  Area  they  account  for  about  20  percent  of  total 
catch  and  total  frequency) o      The  schools  of  large  and  small 
skipjack,   on  the  other  hand,   decrease  both  absolutely  in  nunbars 
and  frequency  and  in  their  percentages  as  one  goes  fartiier 
north,  but  in  the  southern  and  south-iissstem  soa  ai'sas  they  show 
comparatively  high  ratioso      (3)   The  nijiaber  of  fish  and  the 
n-Jinbsr  of  appeai'ances  for  aedium  skipjack  as  compared  to  large 
and  small  skipjack  show  their  aaximun  proportions  in  tha 
Hokkai-oanrika  Sea  Area  during  the  suiriner  months  of  Hay  - 
August,  which  corresponds  to  the  time  when  their  proportions 
are  at  their  minimijmi  in  the   southwestern  ssa  areas <>     (h)   In 
September  the  number  of  medium  skipjack  in  proportion  to  large 
and  small  skipjack  in  the  Hokkai-Sanriku  Sea  Area  suddenly 
decreases,  while  on  the  other  hand,  it  shov/s  a  relatively  high 
ratio  in  the   (Zunan)   Sats'onan  Sea  kres.^  «     (5)  la  the  Satsunan 
Sea  Area  the  total  catch  is  highest  in  May,   and^it  is  than  tiriat 
the  large  and  small  fish,  -vvhich  make  up  80  percent  of  the  total 
number  of  fish  caught,  are  taken  in  the  greatest  numbers,  while 
the  other  20  percent  of  medium  fish  are  most  numerous  in  Septeiri- 
ber  and  March,   that  is,  at  the  beginning  and  end  of  the  season. 
The  situation  in  the  Nankaido  Sea  Area  cannot  be  clearly  known 
because  of  the  paucity  of  data,  but  some  catches  era  made  in 
April  and  May,   and  in  them  medium  and  small  skdpjack  are  taken 
in  about  tlie    same  proportions »     In  the  Zunan  Sea  Area,   on  the 
vfhole,  June  and  July  are  the  peak  of   ti:e  fishing  season,  with 
July  in  particular  giving  the  year's  maximum  catches  of  all 
three  sizes  ~  large,  medium,  and  small o     The  proportions  of 
medium  and  small  fish  are  roughly  tha  's.ame,  but  in  point  of 
nijmbers  the  small  fish  are  more  than  10  percent  more  nujnsrouso 
In  the  Hcklcai-'^anriku  Sea  Area  tJie    ca.tch  reaches  its  maximum 
in  July,  and  as  much  as  91  percent  is  made  up  of  medium  skip- 
jack.    If  tha  average  catch  for  each  fishing  ground  is  stated 
in  ter'ms  of  sizes  of  fish,   the  order  is  small,  medium,  large 
for  the  Satsunan  and  Zunan  sea  areas,  whdle  for  the  Hokkai- 
Sanriku  Sea  Area  it  is  medium,  large,   smally  clear Ij^-  showing 
that  small  skipjack  are  scarce  in  the  north  and  abuiidant  in 
the  south. 

Next  if  we  investigate  the  percentas:es  of  the  xiimibers  of 
fish  caught  and  the  number  of  catches  iuada  in  each  sea  area  in 
each  month  throughout  the  whole  fis'ning  season  in  tenns  of 

— ''     Michitaka  Udas     Seasonal  changes  in  the  body  weights  of 
yello'jrbail,   small  yellowfin,   cybiids,   and  skipjack.     Bull. 
Jap.    Soc,   Sci,  Fish,  1   (3),,  p,  128  1932, 
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small,  mediuin,  and  large  iishj,  ws  gex,  table  2o   Table  3  shoT.s 
the  months  of  maximviin  catch  for  each  sea  area,  for  each  size 
of  fish,  taken  from  the  data  given  in  table  2o     A  few  observa- 
tions based  on  these  two  tables  concerning  the  skipjack's 
migrations  are  presented  belGw,  Small  skipjack  appser  in  the 
Satsunan  .and  Nankaido  sea  areao  in  April  and  reach  their 
raaximijmi  abundance  in  May,  b'at  in  the  Z'.inan  Sea  Area  tJrie  peak 
is  in  June  and  July,  In  the  Hokkai-Sanriku.  Sea  Area  the 
somewhat  obscure  second  r!i.axlmuffi  which  can  be  seen  in  Septem- 
ber may  perhaps  be  tiiought  to  be  due  to  the  northward  ruO%'a- 
ment  of  schools  of  small  skipjack  of  the  same  strain„  Hcvravers 
in  order  to  explain  the  appearance  of  the  first  peak  in  May  - 
June  in  the  Hckkai-Sanriku  Sea  Area,  it  is  probably  necessary 
to  imagine  the  northward  movement  of  a  second  group  of  small 
skipjack  whose  origin  centers  around  the  Zunan  islands  and 
reefs  at   roughly  the  same  time  that  the  small  skipjack  of  the 
Satsunan  area  appear-.  Next,  with  regax-d  to  the  medium-sized 
skipjack,  it  is  thought  that  the  schools  which  originate  in  the 
Satsunan  Sea  Area  around  March  and  April  shift  the  center  of 
their  group  of  schools  to  the  Nankaido  ,3ea  Area  in  April  and  to 
the  Zunan  and  Kokkai-Sanriku  sea  areas  around  J^alyo  Another 
peak  in  Septsmbsr  in  the  Satsunan  Sea  Area  is  thought  to  be  due 
to  the  reappearance  of  do-irnboiind  skipjack  from  the  Hokkai- 
Sanriku.  Sea  Area.  Furthermore,  it  may  be  wondered  lAihether  the 
peak  which  can  be  seen,  though  somewhat  obsc^orely,  in  April  and 
May  in  the  Zunan  and  Hokkai -Sanriku  sea  sreas  may  not  be  due 
to  a  second  group  of  raedjj^c  skipjack  originating  in  the  Zunan 
Sea  Area  and  moving  north  from  therSo  As  for  the  large  skipjack^ 
the  first  maxiriuiTi  is  the  Satsunan  Sea  Area  in  Mavo  That  moves 
north  to  the  Zur;.an  Sea  Area  in  Jul;;-  and  is  thought  to  form  the 
peak  which  shows  in  the  Hokkai -Sanriku  Seaiii'ea  in  July  and 
August,  but  a  second  peak  in  the  Satsunan  oes.   Area  in  May  sug- 
gests a  second  origin  of  schools  of  large  skipjack  in  this  sea 
areao  Of  course,  it  is  presumed  that  the  number  of  small  skip- 
jack vfhich  grow  into  medium  skipjack,  and  the  n-uE:ber  of  mediun 
skipjack  that  grow  into  large  skipjack  during  the  migration  must 
be  great,  and  iiiis  must  be  particularly  taken  into  consideration 
in  waters  where  the  supply  of  natural  foods  is  ab'ondant,  but 
because  of  the  paucity  of  data  loith  regard  to  this  point,  it 
has  been  onatted  from  the  foregoing  discussion.  The  point  that 
should  be  noted  in  the  migration  theory  propounded  above  is 
that  it  en'vlsicns  two  strains  for  large«  mediu'i:,,  and  small 
skipjack  alike,  one  originating  in  the  Satsunan  Sea  Area,  and 
the  other  in  the  Z'^nan  Sea  Area,  Of  course,  it  has  been  taken 
into  consideration  that  the  schools  of  skipjack  that  move 
north  to  the  Hokkai -Sanriku  Sea  Area  in  the  summer  retreat 
southward  again  in  the  fallo  It  is  probably  correct  to 
consider  that  in  the  Hokkai -Sanrikii  Sea  Ar-ea  there  is  no  year- 
round  occurrence  of  skipjack  but  a  seasonal  migration,  because 
the  high  temperature  water  masses  of  20"^  Co  and  above  that  are 
present  on  the  fishing  grounds  off  Sanriku  in  the  summer  change 
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to  low-temperature  areas^   of  Isss  tiian  ^    Co  in  the  iwintar  and 
it  is  presumed  that  warm-water  fishes  such  ac    .^he  skipjc?,ck 
wo'old  find  it  difficult  to  sndiire  such  viclsnt  oceanographic 
changesj  which  are  thought  to  ba  special?>.y  ursuitable  for  hheir 
spawning  and  for  the  growth  cf  the  larval  fish|   also  because 
actually  the  fish  catch  ceases  xvj.  the  winter  and  no  fish  are 
seen  (it  happens  rarely  that  one  is  hooked  on  tuna  longlines 
during  tiie  winter  in  vfarra-water  masses  far  off  to  the  east); 
and  because  the  catch  of  laxgs  and  small  fish  is  raarkedly  smaller 
than  that  of  mediusn  fisho     However  _,  in  the  Satsunan  and  Zunan 
sea  areas   tliroughout  the  whole  fislung  season  some  schools  of 
medium-sised  skipjack  are  fished  along  with  the  schools  of  large 
and  small  fish  that  concentrate  in  the  vicinity  of  islands  and 
reefs  and  for  thiis  reason  we  knew  of  the  existence  of  other 
schools  v.'hich  are  comparatively  sedentary'  and  rcake  only  email 
migrations  in  addition  to  the  north-south  migrating  schools 
described  above o 

The  foregoing  discussion  is  based  on  only  the  data  for  one 
year  so  there  are  many  points  whd.ch  require  much  further  studj'' 
and  examination  in  the  future„     Farticolarly  the  distribution 
of  large,  mediuiTi,  and  snail  siaes,  various  degrees  of  maturityj 
and  various  degrees  of  fatness  and  leanness  must  be  investigated 
in  detail J  and  the  actual  paths  of  the  migratory  movements  of 
the  schools  must  be  ascertained  by  tagging  as  many  skipjack  as 
possibles 

Skipjack  schools  and  the  objects  with  ^vhich  they  ^r^ 
associatedn   ~A  study'like  th?  one  previcusly  rsportedS/  Yvag 
carried  out  in  1933  throughout  the  whole  fishing  season  and 
over  the  ifldiole  fishing  area.     Table  U  shows  the  number  of 
appearances  of  each  type  of  school  and  the  n-oinber  of  fish 
caught  in  each  month »     In  the  Hokkai-Sanriku  sea  area  the 
greatest  number  of  appearan.ces  is  that  for  unaccompanied  schools 
followed  by  schools  associated  mth  sharks,  birds _,  whales,   and 
logs  in  that  order o     For  the  total  number  of  fish  taken  the 
order  was  shark-associated,  iznassociated,  vmale-associatsd, 
bird-associated,   and  driftwood-associatedo     Conbiiiing  the  tiTO 
categories  we  find  that  shark-associated  and  unassociatsd  schools 
are  far  more  numerous  than  the  ether  types „     In  contrast  to  this 5 
in  the  Zunan  Sea  Area  there  are  chiefly  bird-»a.3sociated  and 
sedentary  schools,  followed  by  unassociated  sciiools,   the  extremely 
small  number  remaining  being  driffeYood-associated  azid  shark- 
associated  in  that  order.     In  the  Satsun^Rn  Sea  Area  bird-associat&d 
schools  are  by  far  the  most  numerous   followed  by  sedentary  and 

-/     Michitaka  Udas     Sea  conditions  in  the  raters  adjacent  to  Japan 
in  each  month  averaged  over  a  nun^ber  of  years.     Fisheries 
Experiment  Station  Reports  Nos„   1,   2,   3o 


5/ 


Iklichitaka  Udas     Tne  shoals  of  "katuwo"  and  their  angling. 
Bullo  Jap„   Soco    Sci,    Fish,   2   (3)s   1933o    (Sea  p„    68)0 
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driftwood-associated  schools 5,  wlti?.  a  sicall  rsmainder  being 
shark-associatedo     The  naxdoer  of  fish  -:.&i-.*in  lor  each  sdiocl 
sighted  (table  h)  ia  the  HokJcai-SariTiku  Sea  Area,  is  greatest 
for  shark-associated  schooi.s  follcTOd  bj  drlftisrccd-iand  whsls- 
associated  schools o     In  the  Ztman  Sea  Area  tna  catch  is  greatest 
from  bird-associateds  sedentarys  ^^^  utiassoclatad  schools ;  like- 
viTise  in  the  Sats^Ansji  Sea  Irea  the  biggest  satchss  cons  fi'oia 
bird-asdD  slated  and  d-'iftwc-od-assosiated  schools^  followed  by 
those  associated  ■srlth  sharkSo     If  j,  in  order  to  see  in  greater 
detail  the  difference  betweesn  northern  and  southern  grcundsj  we 
look  at  tiie  total  number  and  percentagas  of  appearances  for 
each  1'''  of  latitude,  as  shcsm  in  table  5"?  "^Q  SQQ  that  shark- 
associated  schools  are  located  farthest  ncrth  viri.th  uaasscoiated, 
whale-associatedj  bird^associated  (drirt7.rcod"a5?ociated) 5   and, 
sedentary-  schools  ranging  in  that  order  from  north  to  scuthoi^/ 
IMs  distribution  results  from  tiie  fact  tliat  the  objects  with 
which  the   schools  ai-s  aoscciated  differ  among  themselves  in 
their  distribution  because  of  oceanographic  conditionSj  and  it 
is  thought  that  as  the  skipjack  schools  move  into  the  Trarious 
sea  areas  they  succeasivsly  associate  thsaselrss  Trlth  different 
objects  o 

Table  6  gives  the  results  of  an  investigation  of  ths 
density  of  the  schools  aad  how  well  the  fish  bite^' »     In  the 
Hokkai-Sanriku  Sea  Area  all  types  of  schools  except  those 
associated  with  birds  appeai"  more  often  as  "dense"  than  as 
"sparse,"       On  the  other  hand,  in  the  Zunan  end  Sg,tsunan  sea 
areas  the  number  of  sparse  schools  appearing  -was  greater  for 
all  tjTjeso     In  otjisr  words,  in  the  Hokkai-Sanriku  Sea  Area 
the  proportion  of  dense  schools  was  markedly  greater  tiLan  in 
other  areas,   snd  consequently  the  index  of  density  calculated 
from  it  is  ^so  highero     Vfith  regard  to  biting  quslitiesj,  it 
appears  that  in  the  Zunan  and  Satsunan  sea  areas  •radent.sry 
and  bird-associated  schools  bite  comparatively  ^eZl^  while  in 
the  Hokkei-'Sanriku  sea  as'ea  shark-and  bird-^associated  schcols 
bite  comparatively  weilo     Eia  problem  of  the  density  of  schools 
and  their  bitir<g  qualities  has  mas^j  points  which  must  be  clari- 
fied by  future  in^festigaticnso     Since  it  appears  that  the  spawn- 
ing and  nursery  grounds  of  the  skipjack  are  in  this  southern 
areas ^  it  may  be  wondered  whether  the  migration  into  the  Hokkai- 
Sanrik"u  Sea  Area  is  not  made  with  the  objective  of  hunting  foodo 
The  greater  member  of  times  that  the  schools  take  the  bait 
poorly  as  compared  to  the  Satsunan  Sea  Area,   dsspite  the  greater 
proportion  of  dense  schools ,  may  possibly  be  due   tc  the  abundance 
of  natural  food  in  the  northo     The  greater  number  of  dense  schools 
in  this  sea  area  is  probably  due  to  special  ocaanographic  condi- 
tions in  that  there  are  conspicuous  current  boundai'ies  resulting 
from  Trvater  of  the  cold  current  system  barring  the  advance  of  the 
water  of  the  warm  current  system.o 

The  order  of  the  indices  of  dansity  3r).d  Idtirjig  shown  in  table 
6  differ  3     from  that  giver,  ir,  ref e;rencs5/  „     In  the  present 
study  the  statistics  c-ivered  a  larger  number  of  schools 5 
however,  decision  oh  this  point  is  reserved  to  th3  futureo 
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Table  ka^ — lluiriber  of  appearances  of  Yarious  types  of  skipjack  schools, 
number  of  fish  taken.;,   ana  number  of  fish  taken  per   time 
fished  in  the  Holckai-Ssjii'lku  Sea  Are£„ 


Ni.-ijnb3r  of  appea:r'ances  of  schools  of  e? 

>.ch  -t^rpe 

•  ronth 

Ob.jects  ? 

-itlj  Ytrhich  associated 

Shark 

nothing 

^iaie 

Birr: 

Drift-virocd 

March 

_ 

.„ 

„^ 

.. 

April 

— 

__ 

_„ 

__ 

__ 

May 

2 

11 

0 

• 

16 

™_ 

June 

3 

2li 

10 

19 

— «> 

July 

30 

25 

9 

2 

2 

August 

11; 

18 

_„ 

«,«. 

__ 

September 

9 

9 

1 

J. 

— 

October 

__ 

— 

~— 

— 

Totals 

^~~87~™| 

25 

38 

2 

Number  of  fish  taken  from  schools  of  each  type 


Objects  vd-th  vrhich  associated 

Month 

Shark 

Nothing 

ft-hale 

Bird 

Driftwood 

llarch 

April 

May 

June 

July 

August 

September 

October 

10,607 

3,73U 

70,325 

i5,iiia 

ll;,190 

ll;,761. 
U,201 
i4ii,ll52 

2li,55i 

?,7D7 

10,571 
15,222 

12,360 

1,000 

7,292 

C,013 

150 

3,025 

Totals 

lllj.,297 

105,675 

J9,(^$-i 

\<,999 

3,025 

Number  of  fish  taken  par  time  fished  frcn  each  type  of  school 


Konth 

Objects  -with  -ivhich  associated 

Shark 

Nothing 

lifhale 

Bird 

DriftTfood 

ferch 

April 

May 

June 

July 

August 

September 

October 

5,30ii 
1,267 
2,9l;ii 
1,103 
1,577 

1,3U2 

j-s778 

1,36U 

856 

1,175 

1,522 
l,a29 

Is  000 

U22 

75 

5U!. 

1,513 

Averages 

1,973 

1,215 

L      1,366 

ij21 

1,513 
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Table  I;bo— Number  of  appearances  of  various  typss  of  skipjack  schoolsj 
number  of  fish  takenj  and  number  of  fish  taken  per  tiraa 
fished  in  the  Zunan  Sea  Area 


N^jmber  of  appearances  of  schools  of  each  tj-pe 


March 

April 

May 

June 

July 

August 

September 

October 

Total 


Nu";.ber  of  fish,  '^■s.ken  from  schocl?^  of  e^ai   type 

Objects  vrlth  fAiloh   associated 
Bird   I 


Month 


NumLsr  of  fish  taken  psr  tjgie  fioliad  from  each  t;/pe  of  scho'jl 

Objects  TiTith  which  associated 

Lan.d 


March 

April 

May 

Jijine 

July 

August 

September 

October 


62 


Table  i;c„— Number  of  appearances  of  various  tj-pas  of  skipjack  schools „ 
number  of  fish  taken,,  an.d  number  of  fish  taken  per  time 
fished  in  the  Satsunan  S?a  Area« 


Number  of  appearances  of  schools  of  each  ty-c? 


Month 

Shaa'k 

Bird 

Lmd 

Driftwood 

lAarch 

o«c- 

H 

April 

—^ 

1 

2 

t=3>A3 

May 

1 

8 

2 

<=*-  = 

June 

~ 

«» 

3 

1 

July 

=,== 

h 

h 

August 

„=. 

h 

tcsca 

September 

.=.„ 

««. 

<E>_ 

=  r=> 

October 

1 

— =■ 

1 

Total  ii 

T 

2 

WUIT 

loer  oi   iisn  taK 

en  irom  scncols 

01  each  type 

Month 

Dbjectt  with  which  associatsd 

' 

Shark 

Bird 

Land 

Driftwood 

March 

««. 

613 

^-..^ 

== 

April 

— 

36k 

l,l3ii 

==. 

May 

h& 

5,827 

47? 

„=, 

June 

_= 

^= 

1+82 

320 

July 

»„ 

2,656 

715 

_=. 

August 

==. 

2,692 

=>= 

-=^ 

September 

_= 

„=, 

™= 

..=. 

October 

_« 

62 

™= 

7U5 

Totals 

i;62 

12,31.U 

2,858 

1,065 

Number  of  fish  taken  pe 

>•  time  fished  from  each  type  c 

f  school 

Month 

Objects  with  which  associated 

Shark 

Bird 

Lu-A 

Drif-cwocd 

March 

CKK« 

203 

=^-.. 

t=JC=. 

April 

^=« 

3&^ 

592 

==. 

May 

li62 

726 

238 

— = 

June 

..^ 

-„ 

131 

320 

July 

-^ 

66ii 

179 

=.„ 

August 

-_ 

673 

„„ 

-~ 

September 

._ 

„,^ 

„„ 

-- 

October 

— 

62 

— 

7it5 

Averages 

U62 

559 

259                      523 
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From  ths  1935  investigations  it  appears  that  the  skipjack 
schools  of  the  Hokkai-Saririku  Sea  Area  have  characteristics 
differing  from  those  of  the  southern  sea  areas  as  regards  the 
size  of  the  fish  and  the  objects  '^Tith  -vshich  they  are  associated, 
and  further  that  tiie  water  temperatiires  suitable  for  catching 
them  are  markedly  lc"A'Qr  than  in  the  soiit.h  and  have  comparatively 
limited  values  (22-23^  C)-^,  all  of  which  seems  to  mark  it  off 
as  an  area  in  which  the  schools  are  clearly  of  a  different 
conposition,  however,  it  is  thougnt  that  the  schools  themselves 
come  from  the  Zunan  Sea  Area  and  the  areas  to  the  south  and 
west  (including  Satsunan)  in  the  spring  and  shimmer  and  return 
sou  "Hi  in  the  fallo 

Finally  I  vdsh  to  "thank  Dr.,  Morisaburo  Tauchi,  professor 
in  the  Fisheries  Institute,  for  his  valuable  i;-istruction  con- 
cerning the  theory  of  skipjack  migrations  presented  in  this 
paper,  and  Technician  Itax-o  Takayama  of  the  Imperial  Fisheries 
Experiment  Station  for  malcing  tlie  data  availableo 


Summary 

(1)  According  to  tiie  investigations  of  1933»   the  majority 
of  the  skipjack  schools  fished  in  the  Hokkai-Sanriku  Sea  Area 
are  medium-sized  skipjack^  while  in  ths  southern  sea  areas 
schools  of  large  and  small  fish  make  up  a  comparatively 
important  part  of  tlie  catcho  The   proportion  of  medium  skip- 
jack to  large  and  small  fish  is  least  in  the  southern  areas 

at  the  same  period  (May,  June,  Jioly)  when  it  is  greatest  in  the 
Hokkai-Sanriku  Sea  Area,, 

(2)  Investigating  the  month  of  highest  catch  in  each  sea 
area  by  large,  medium,  and  small  sizes,  the  migrations  of  the 
skipjack  schools  were  discussed  separately  by  sizes o  Groups 
of  skipjack  schools  which  migrate  from  south  to  north  in  the 
spring  and  summer  and  retreat  southward  again  j.n  the  fall  were 
hypothesized  and  it  was  thought  that  they  must  be  con??Gsed  of 
schools  of  at  least  two  strains,  one  originating  in  the  Satsunan 
area  and  one  in  the  Z'jnan  areao  Fui'ther,  it  is  thought  that 
there  are  probably  only  migratory  schools,  with  no  pennanently 
resident  schools,  in  the  Hokkai-Sanriku  Sea  Area,  but  for  the 
Ziman  and  Satsunan  sea  areas  we  must  believe  that  there  are,  in 
addition  to  the  north-south  migrating  schools,  other  local 
schools  which  make  small  localized  migrations. 


1/ 


T3.kayama,  Ikeda,  and  Ando:  A  study  of  tiie  skipjack  fishing 
si-^-uation  in  1930..  Jcuro  Imp.  Fich„  Zxpto  Sta.  No,  5s  193i;i 
33-31;. 
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(3)  In  the  Hokkai-Sanrilcu  Sea  Area  the  skipjack  schools  are 
mainly  associated  vath  sharks  cr  not  associatad  with  an;rt,hing_, 
and  both  the  number  of  dense  schools  and  '\±::a   index  of  daiisitv 
are  remarkably  high^  but  in  the  Zunaii  snd  Satsurian  sea  areas 
they  ai*e  oYdeflj  bird-associated  or  sedsnta^r'y  schoolsj  ar.d  spa:-.-.  ,3 
schools  are  more  n'omerous  than  dense  oneso  A  look  at  the  distri- 
bution shows  that  the  shark-associated  schools  occur  the  farthest 
north  followed  by  unassociated^  wh3le-a:r3C'GiatGdj  bird-(driftv70od") 
associatedj  and  sedentary  schools  in  that  ordero  The  results  of 
a  certain  amount  of  investigation  ci  the  biting  qualities  oi 
schools  as  well  as  their  density  and  associations  have  also  been 
presentedo 


September  ±9^  19 jk 
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Types   of  Skipjack  Schools  and  Txieir  Fishing  Qualities 

By 

MLchitaka  ITda 
(Fisheries  Expei-inient  Station) 

/'Siglish  title  and  abstractj^ 

The  Shoals  of  "Kat'uwo"  and  their  Anglirig,, 

SINOPSIS 

The  shoal  of  "Katuwo"  /lathynnu s  vagans  (Lesson)/  is  often 
found  associated  with  either  sea-birds^  drifting  timbersj  vriiales, 
sharks,  or  what  noto  The  association  with  sea-birds,  or  whales 
is  almost  characteristic  to  the  shoals  of  this  fish  found  in  the 
districts  south  to  ProVo  Bosy^ij  whereas  the  shoals  associated 
with  sharks  are  mostly  distributed  in  the  northern  districtso 
Such  difference  of  the  distribution  corresponds  to  that  of  oceano- 
graphical  conditions^  particiilarly  of  salinity  (FigSo  1^  2  and 
Tabo  1), 

The  dcnseness  of  crowd  and  the  degree  of  biting  are  represented 
quantitatively  with  -^a  index-numbsrs  k  and  q  respectively  (TabSo  2 

and  3)9  vlZo,  k  s  E,X-£liE  »  whare  m  and  n  are  the  number  of  records 

m  f^n 
of  dense  and  thin  crowds  respectively,  and 

q  a  3p2  /  2p;^  ^  Pq  ^  0„5p-;^  /  Oolp"2   s 

P2  /  PI  /^  Po  /  P"l  /  P-2 
where  p^,  p, ^   p^^  p=^  and  p"2  are  the  mimber  of  records   of  very 
good^   S°odj  mediuiTi,  poor  and  very  poor  biting  respectively„     The 
index-number  of  fishing  value  of  a  shoal  defined  by-™_,  whera 
N'3  1  and  t  are  the  totjil  nuinber  of  fishes  angles 5,  tSe  number  of 
rods  used  and  the  duration  of  angling  respectjvslys  varies  ivith 
the  product  kq  (Tab„   6)0     But,   since  N»   is  not  exactly  proportional 
to  t  (^Tahc   5)  s    "the  above-mentioned  index  number  is  only  an 
approximate  oneo 

The  relation  between  the   degree  of  biting  of  "Katuwo"  and  the 
quantity  of  the  contents  of  their  stomach  (Tab,  ii) .  seems  to  be 
explained  by  taking  the  time  required  for  digestion  into  account, 

/STnd  of  English  abstract/ 
68 


b 


CO  <b 

rO  rO 


■  ■   ^  X 

oj5o 

"^  '*—  ... 

oujtr 
Oct 

XLduj 
C/5C/2  < 

Om"-     • 

r)  ^.' .'  . 


UJi 


rO 


CVJ 


mi-o 


o 

O 

ro 


S 


o 

r- 


o 
lO 


o 

ro 


o_ 


o 

O 

ro 


lOZX 

owx"- 


UJ 


<8 

ujo 

00  sT 


CDUJ 

^^ 
UJQ 

ir  HJ 
niX 
cni- 

ijjUJ 

x>^ 


<cn2D: 
::;X  ^  ^ 


<o 


oi 


£:0D-,   , 


:;q< 


^x 


f^Q 


This  paper  is  a  result  of  scr^  stadias  wnich  I  hs.ve  srad?  of 
the  ecology  of   j^ip^aok  schools  j,  using  rscoris  rriade  on  taa 
sld-pjack  fisLlng  gro^jnds  by  the  Hairjo  Ilaru  of  the  Fukuchinia 
Prefecture  Fisheries  Scpsrimant  Stationo     In  classifying  tvpss 
of  skipjack  schools,  I  have  fcllc^rsd  the  procsdure  ,of  the 
Fukusiiiraa  Prafecture  Fisheries  Experiment  Statiorii/   and  of  Mto 
Shin  Susuki—' 8 

n^-pes  of  Schools  and  Sea  Condi ti ens o 

A  comparison  of  the  dJ.stributicn  of  fishing  grcands 
and  the  distribution  of  salinities  (table  1)  shcii^'s  that  in  May 
and  June  southeast  of  the  province  of  Boshu  /Cbiba  Prefscture7, 
in  a  warm  current  area  of  high  salinity  («^-i;->  25o70)  the  sain 
types  of  schools  encountered  are  those  associated  ■vclth  whales 
or  with  flocks  of  birds,  while  in  July,  Aiigust,  and  Septeraber, 
in  the  waters  of  comparatively  low  salinity  to  the  north 
(^]_5<25<.?0)5  tlis  only  schools  seen  are  those  associated  tdth 
sharks  or  those  not  associated  with  anythingo  Surface  v^ater 
temperaturss  en  the  fishing  grounds  are  everywhere  ro^j^hly  the 
same  (21°  to  23"  C„),  but  the  differential  in  temperature 
between  the  surface  and  "the  25-nieter  leval  shows  approrxiinately 
the  same  distribution  as  the  salinity^  both  of  them  being  thought 
to  indicate  a  diiferencs  in  current  sj^stera  (figo  l)o  Of  course 
the  fishing  season  in  the  south  is  in  May  and  J-jiis,  while  in  the 
north  it  is  in  July.,  August,  and  Sspterabsro  It  may  be  -thought 
that  this  is  the  reason  for  the  greater  vertical  difference  in 
water  temi-rer^ure  in  ti-ie  north,  however,  in  this  sea  areaj  the 
regular  yearly  studies  also  reveal  a  greater  vertical  difference 
in  temperature  the  farther  north  one  goeSoJ''^  This  relationship 
between  current  gyk terns  and  types  of  skipjack  cchools  can  be 
seen  from  the  records  of  investigations  carried  out  by  the 
Chiba  Prefecture  Fisi^^ies  Sxperimant  Station  over  a  period  of 
three  years  (figo  2)^-'  o 

Talcing  the  waters  off  Boshu  as  a  bcundarj'-,  it  is  not  clear 
why  there  is  a  difference  in  the  types  of  slcipjack  schools 
found  to  the  north  and  to  the  south.  It  may  be  wondered  whether 
this  difference  is  not  due  to  differences  in  the  distribution 
of  the  objects  with  wnich  the  schools  are  associated.  ti^Ls 
distribution  being  affected  by  oceanographic  conditions3/, 
rather  than  to  differences  in  the  character  of  the  skipjack  _ 
schools  theraselveso  Suaukii/  defines  the  unaccompardec  scnooxs 
as  those  which  appear  at  tiie  surface  in  areas  where  there  are 
no  other  objects  or  signs  of  life,  and  bird  schools  as  those 
which  cannot  be  detected  except  by  sighting  flocks  of  sea  _ 
birds.  The  sharks  are  whale  sharks,  around  which  the  si<apoack 


o 
o 

o 

K 

o 
m 


•H 

CO 
o 

CO 
G_i 

d 

o 

c 

(0 

CO 

Q) 

O. 
CO 

c.-i 
O 

>» 

o 
© 

Q) 

P^ 
C^ 

I 

t 

e 
t-H 

(D 

r-l 
^ 
CD 


x£) 


C'^ 


2  t 


-^  i 


K    ^    6--     C3 

jr   o  pj 

P4      C 


c 


ffi 


iA 


-T 


to    ^    K 


C 
O 


O 


S^     O 

^   o  <> 

03  ■-!  «H 

croc  o 

l\1      S-^  5) 


cv 


a 

ii 

1 

O 

ca 


'.C    CO  I 


II      tc 


o 

cv 


u  o 


CO 

1/3 


Ii 


o      c 

OJ        cv 


M    Ol! 
CO    •31 


.id 

CO 

X* 
CQ 


1^ 

4 


»r\ 


J        (-!  1-1 

M 

<x>  ^ 

■C   r-!  Sh! 

M     CO  CCl 

•H  j:::  XI 

u 


c^ 


yi.  ■^  "^ 
o-\  v\  <•'^ 
■-^     r^    ^■-^ 


C^.  {.-HI 

•e   '■«  rH    f< 
^1  S-i    (0    SOi 


^ 

^. 

ivii 

C-l 

03 

>.n 

r- 

r-( 

in 

cv 

iH 

0^     Cv! 


> 


K 


'0 


Tj 


<E 


B 

C.I 

T* 

.-'l-''- 

t< 

•T> 

e-j 

o 

-ri 

C,! 

m 

r- 

X! 

r< 

^■! 

CO 

t3 

Ph 

71 


schools  congregate  in  fear  of  spearfisho  Among  whales 
accoii5)anied  by  skipjack  sohoolsc,  the  sei  whale  id?  xost 
common  followed  by  the  fin  whalfe„  Floating  legs  are  mainly 
of  tropical  origin,,  having  picked  up  their  accompanying 
schools  while  drifting  past  the  shoal  fishing  gromidso 
Ccnsequentlyj,  according  to  Susiikip  such  schools  accompanying 
drift  logs  are  sighted  in  gr'e^test  numbers  in  the  main  current 
of  the  K-uroshio  between  the  Satsun5.n  fishxng  grounds  and  Zunan, 
such  schools  being  rare  within  20Q   irdles  of  the  coast„  north 
of  Tokiwao-j;- 

Thusc,  skipjack  schools  associated  with  birds,,  with  whales, 
or  with  floating  logs  generally  appear  in  greatest  n-ombers  in 
waters  of  the  main  Kurosblo  sy-steiuj,  while  schools  accompanying 
sharks  appear  for  the  most  part  in  warm  water  masses  of  the 
Northeastern  Sea  Area  where  the  Kuroshio  and  Oj'-ashio  current 
systems  impinge  upon  each  cthero  Schools  accompanying  whales 
are  said  to  be  hard  to  find  in  the  southern  portion  of  the 
KuroshiOo  Conseqientlyj  the  distribution  of  salinity  and  dis- 
tribution of  types  of  sicipjack  schools  are  probably  correlated. 


As  the  schools  associate  with  birds,  trees,  whales,,  or 
sharks  for  quite  different  reasons  =■  quite  fortuitously  in  tJie 
case  of  the  birds ^  in  search  of  rich  feed  in  the  case  of  drift 
logss  and  to  escape  predators  in  the  case  of  whales  and  sharks  - 
and  the  objects  with  which  the  schools  are  associated  differ  in 
their  size  and  rate  of  moYement,  it  may  be  thought  natural  that 
differences  in  density  and  size  should  ,also  arise  among  these 
various  types  of  schools „  The  following  is  an  attempt  to 
express  the  degree  of  density  numeracalljo  Fist  of  all,,  lor 
each  type  of  school  the  maiLber  of  Hmes  of  appearanoe  of  dense 
schools  is  indicated  by  m,  the  number  of  times  of  appearance 
of  sparse  schools  by  n,  the  concentration  in  space  °f  "-"^^^tSf 
fi=h  in  the  case  of  dense  schools  is  represented  oy  the  density 
indi  I  and  in  ti-.e  case  of  sparse  schools  by  x  1  x  0)„  There^ 
fore,  the  index  of  average  densitv  of  a  school  ol  fish  xs 

k  ^  m  X  1  "  n  X  x 
m  -  n 
By  means  of  this  formula  k  is  caloilated  using  observed  values 
for  m  and  n  and  postulating  two  values  0  and  Od  for  x   (table  2), 
In  the  case  of  imaccompanied  schools  k  is  !<,  for  schools  accom-= 
panying  whales  and  sharks  it  is  about  O085.  for  schools  accompany- 
ing birds  it  is  0»1  or  0»2o 


#  Nakayaraai/  also  expresses  generally  t  he  same  idea,, 
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Table  2,— Density  aid  density  indices  for  ship  jack  sob. 


oo;i 


Type  of 

Tlrass  recorded 

Den-vity  1: 

School 

Dense  (m) 

Sparse  (n) 

X  "■  Ool 

X  "  0 

Bird 

1 

8 

Oo2 

0,11 

Whale 

h 

I 

0.62 

Ooeo 

Sh-rk 

2k 

8 

0„?8 

Oo?5 

Unaccompanied 

11 

0 

loO 

Table  3o— Biting  qualities  and  biting  quality  indices  for 
skipjack  schools 


Ti^!ei  ris  corded 

Type  cf 
school 

Good 

Fairly 
good  :p-j_ 

Average 
?0 

Pooi- 
P"l 

pocr 

Biting 
index 

Bird 

- 

3 

™ 

6 

- 

1.00 

Hhale 

2 

- 

.- 

^ 

- 

2olO 

Shark 

2 

2 

ll 

25 

1 

Oo?7 

Unaccompanied 

3 

1 

J- 

- 

-7 

>" 

1<.32 
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Table  uo — c;toTD3.ch  ccntsnto  and  biting  qualities 


otc.v^ch  contaats 

Fre<-u3G07 

Type 

AEount 

Good 

Fcirlv 
good 

Aver?-g& 

Poor 

Sea-trout 

fnll 

3 

1 

4 

Chirocentrids 

fairly  f-uli 

1 

i 

2 

Chirocentrids 

stuffed 

3 

Ciiirocentrids 

and  sea- trout 

some 

1 

Spratellcides  sp« 

half  full 

1 

Chirocentrids 

and  others 

a  little 

1 

2 

Chirocentrids 

a  little 

2 

Nothing 

nothing 

^ 

-J 

X 

Not  recorded 

2 

2 

-1. 

27 

(Note;  Bait  used  wa?  sardine  or  anchovy 
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index  to  Bltinr:  Q'j.alities  of  Schools » 

Hie  following  is  an  attea.pt.  to  show  nui-nerically  the  biting 
qualities  of  skipjack  schools o  If  the  bitirg  qualities  of  a 
school  recorded,  as  goodj  fairly  goodj  average,  poor^,  and  very 
.poor,  are  indicated  respectively  by  y2j  y^,  Jq,   y«^,  and  y-2, 
and  the  number  of  times  of  occurrence  for  each  category  is 
expressed  as  p?.,  Pis  Po?  ?-i  and  p-2j  ^'^^   index  of  cverage 
biting  qualities  for  one  type  of  school  can  be  shoTm  by  the 
formula  q  =  ^Ji'-  o  Now  when  73  =  3<,  Ji  =  2,  y^  1^   1,  T-j   =  Cc5, 

and  y_2  =  Oel,  if  v/e  try  calculating  q  (table  3)s  we  -^et  2.1  fcr 
schools  accompanying  vs'hales,  lo3  for  unaccompanisd  schooiSj  1<,0 
for  schools  accompanied  by  birds j  and  O08  for  schools  acco-apanying 
sharks o  An  unejcpected  relationship  can  be  seen  betvreen  tlie  biting 
qualities  of  schools  aad  the  stomach  contsnts  of  the  fish  (table 
l;)o  Fish  which  have  eaten  their  fill  and  fish  with  empty  stomach':- 
may  either  bite  well  or  poorly j  but  fn.sh  between  these  two 
extremes  tend  to  bite  more  poor.Iy  the  less  they  have  in  their 
stoma,chSe  It  is  thought  that  once  the  fish  has  filled  its  stoinechj 
its  appetite  declines  -,vith  the  progress  of  digestion,  tiie  appetite 
becoming  strong  again  once  all  the  food  has  t>een   digested  and 
continuing  •ontil  the  absorption  of  nourishment  again  commences o 
If  this  idea  is  correct,  the  apoearc-nce  of  the  above-noted 
correlation  ivould  be  natural 0 

Index  of  the  Value  of  Schools,, 

As  an  approximation,  assuming  that  the  fishing  efficiency 
of  all  fisherra.en  is  equal,  it  can  be  considered  that  the  total 
n'omber  of  fish  taken  N'  will  be  proportional  to  the  number  of 
poles  1  and  the  dura.;ion  of  fishing  t  /this  assumption  does  not 
strictly  conform  to  the  facts  (table  Sj^o  rr.arsfors,  the  catch 
per  pole  per  hom--  il^  is  taken  as  an  index  of  the  value  of  a 
school,  and  is  called  the  school  value  indexo  Vife  can  consider 
that  the  catch  per  pole  per  hour  is  generslljr  proportional  to 
the  index  of  average  deiisity  of  the  school  k  and  to  the  index 
of  biting  qualities  q»  Thus 

-,  ^  "  00  ^'q  "r  ,  .  "  akq    Here  is  a  constant » 

The  fact  that  the  products  of  k  and  q  given  in  tables  2  and 

3  are  oropcrtional  to  the  values  01  ,,.^—  calculated  from 

ji  t 
observed  values  for  K*  ,  1^  amd  t  (table  6)  shoirs  that  this 
idea  is  in  general  correcco  As  the  above  .formula  will  not 
stand  if  x  ^  Oo5  in  calculating  the  value  of  k,  x  is  considered 
to  be  about  Col» 
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